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Practical Electronics 


AUTOMATED COMMUTERS THIS MONTH 


carols is no mere gimmick: its adoption in ; 
some degree or another is essential if certain industries CONSTRUCTIONAL PROIECTS 
are to survive under modern conditions. Although one 


usually thinks of manufacturing industries in this connec- 


tion, it is in service industries such as railways that some PHOTOGRAPHIC PROCESS 
of the george opportunities xiet. tor development and TIMER 410 
application of new automated methods. 

London Transport, faced with the apparently insolvable COMPUTER FOR NIM 413 
problem of obtaining parltgealy manpower, has sresdy ELECTRONIC MANDOLIN 420 
decided that automation will be the answer in the future. . | 
They are fortunate of course in that the electrified under- THYRISTOR CONTROL UNIT 442 

round railway system is ideally suited for conversion to MODIFYING THE P.E. GUITAR 
fully automatic operation; and, indeed, work has been AMPLIFIER 452 


proceeding towards this end for some considerable time 
now. Realisation of the ultimate goal is now likely in the 
foreseeable future thanks very largely to new developments 
in ar bei 
ossible facilities for an automated railway were 

pescribed recently by R. cone sear Signal Engineer, mrp SPECIAL SERIES 

ransport, in his Presidential address to the Institution o 
Railway Signal Engineers. Some of these facilities already NEON NOVELTIES—10 419 
exist and are in operational use on various sections of the : BEGINNERS START HERE—20 436 
London Underground System: automatic routing of trains 
is performed by programme machines which read off a 
prepared programme and operate signals and points with- 
out the intervention of a signalman; and automatic driving 
of trains has been proved under normal service conditions. GENERAL FEATURES 
the motors and brakes responding to coded signals picked : | 
up from the running rail. 


To achieve the fully automated railway system as en- ELECTRON MICROSCOPES 406 

poate for aie ere by re egiie! the above-mentioned SEEING THROUGH FOG 425 
acilities wou ave to be co-ordinated by a _ central 

supervision office; while the operation of each station would EXPERIMENTS IN LOGIC 

pe apenee! by he All se — in aon in the ae DESIGN— | 427 
a where a suitable visual an audible aids would be INTRODUCTION TO 

employed in order to monitor the platforms and to com- 

municate with passengers. THYRISTORS 438 
The platform entrances and exits would be guarded by RADIO CONTROL OF MODELS 446 


automatic barriers. Tickets obtained from vending machines 
would be magnetically marked with information such as 
issuing station, fare paid, and date. At the barrier the 
ticket would be scrutinised by a small computer and if in 
order a signal initiated to release the gate—the whole action, 

- from the insertion of the ticket by the passenger, taking a 
mere second or so. 


NEWS AND COMMENT 


Perhaps significantly, it is here at this point of human EDITORIAL 405 
pea an raat most ‘sagen is being experienced. A THE 73 PAGE 426 
number of different style gates are currently being tried 
out “i qnrartinitert2 normal working conditions, but none as DETACHED PARTICLES 433 
yet has proved entirely satisfactory for passenger operation. 

Perhaps there is a moral here. All the best laid plans ELECTRONORAMA 43% 
of technologists can come to nought unless we. the general READOUT 456 


public, have been properly disciplined or conditioned always 

to react in a predictable manner just like an electronic 

circuit. Some may shudder at the thought. but if we are 

to enjoy the advantages promised by the new technological Our July issue will be published on 
age, we will just have to “automate” ourselves on occasions. Thursday, June 16 
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**Stereoscan”’ scanning 
electron microscope 


W/: ARE all familiar with optical microscopes such 
as those in school science laboratories and 
research departments in industry. Although this 
article is aimed at explaining the function and appli- 
cations of the electron microscope, it is probably a good 
idea to touch briefly on the optical microscope first, 
so that the intricacies of electron types may be better 
understood. However, there are some differences in 
principle which will be explained later. 


OPTICAL MAGNIFICATION 

Optical microscopes depend on the use of lenses to 
magnify the image of the specimen under scrunity. 
To show up the minute contours of the specimen, one 
usually places a light in such a position that it is 


reflected onto the specimen, usually shining on the 
underside, 

Considerable development work has been carried 
out on optical microscopes so that they will show up 
objects which cannot normally be seen with the naked 
eye. For this kind of investigation it is necessary that 
we should be able to measure the size of these objects; 
obviously, it is impracticable to use inches or milli- 
metres. 

Two basic units of microscopic measurement are 
used: the micron and the angstrom. The micron is the 
largest of the two and is equal to one millionth part of 
a metre. The symbol used is the Greek letter mu (je). 
The angstrom unit is equal to 10-® centimetre, or one 
thousand-millionth part of a metre. The symbol for 
the angstrom unit is A. 

The optical microscope has been developed to ‘‘see”’ 
objects as small as 5,000 angstrom units. This is very 
close to the limit of human perception because the 
wavelength of ‘‘white’’ light is of the same order of 
magnitude. You may wonder, then, how can we see 
finer details? Although higher magnifications are 
possible the essential point is that the visible detail 
tends to deteriorate. In order to be able to see this 
minute detail more clearly, we must use a means of 
illumination of shorter wavelength than visible light. 
For example, a light beam in the ultra-violet wavelength 
can be used. 

Ultra-violet microscopes can show details as small 
as 2,000A but, because this kind of light is invisible, 
a special kind of conversion system is used to display 
the image. 


ELECTRON ACCELERATION 

During the mid-1920s experiments were carried out 
by German scientists to study the properties and 
potential uses of electrons, which were then solely 
regarded as mysterious minute particles of negatively 
charged electricity. When these particles were forced 
to move at a very high velocity by applying many 
thousands of volts, they behaved as though they had 
a wavelength which is considerably less than one 
angstrom unit, thus providing a means of illumination 
nearly one-hundred-thousand times brighter than 
ordinary light, 


Metal oxide silicon transistors. 


Here we can see the analogy with the cathode ray 
tube as used in television receivers and oscilloscopes 
today. 

The electron stream is ‘‘fired’’ from the cathode by 
applying a very high voltage. This electron stream 
can be influenced in its path by the application of a 
magnetic field in close proximity. The electrons can 
be “‘squeezed”’ into a narrow stream, or deflected off 
course by attraction or repulsion to an electromagnetic 
field. Therefore, the electron stream can be made to 
bombard any pre-arranged part of some object. 

This bombardment is useless unless it can be made 
to show up the affected part of the object. In the 
cathode ray tube the screen is coated with a phos- 
phorescent substance so that the invisible electrons 
striking it are converted to visible light. 


TRANSMISSION MICROSCOPE 

In the conventional electron microscope, known as 
the “transmission microscope’, the electrons pass 
through the object to be examined before a magnified 
image can be formed. The tonal qualities of this image 
are made up according to the density of the bombarded 
particles. If the transmitted electrons, after passing 
through the specimen, are projected on to a flourescent 
screen the resulting image will consist of a propor- 
tional tonal picture of the specimen. 

This is all very well in theory, but there are practical 
limitations involved. The electrons must be magnified 
and focused after passing through the specimen to 
offset the scattering and absorption during penetration. 
Hence objects of very low density are usually the most 
suitable for specimens. 

Many different techniques have been tried to over- 
come these difficulties. Probably the best was that 
known as “replication’’ which was subsequently 
adopted. A thin layer of plastic substance or resin 
was deposited on the surface of the specimen, then 
carefully removed for inspection under the electron 
microscope. Here again, it is essential to provide 
absolute perfection in this coating so that the electron 
image is not falsified by uneven thicknesses. 

Other methods of producing perfect thin sections 
of metal samples are etching and fine electro-polishing, 
These have the advantage of exposing detail below the 


Basically these devices, photographed by staff members of the School of Engineering 


Science, University College of North Wales, are field effect transistors using surface barriers instead of pn junctions. 
Notice the tonal gradation for different applied voltages. On the left (magnification approximately X367) the ‘‘drain’’ 
connection is the right-hand lead, the gate connection is the lower lead. Below are pictures (X1 140) giving drain voltage 


Vp and gate voltage Va: 
left (a) Vo = —I5V, Va—= —6V 


below (b) Vp = 0, Va = —6V; (c) Vo 


= —|5V, ¥¢ = —6¥; 


(d) Vo = —I5V, Vg =0 
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Block diagram of the ‘‘Stereoscan”’ electron microscope 


surface but the original finish or topography of the 
surface is destroyed. 


SCANNING ELECTRON MICROSCOPE 

In 1935 the first experimental scanning electron 
microscope was constructed in Germany but, after 
some further development in Germany and in the 
U.S.A., it was not until 1948 that Professor Oatley 
began a research programme at Cambridge University 
into the possibilities of perfecting it. 

This type of microscope overcomes many of the 
disadvantages of previous types because the electron 
beam used for illumination is not required to pass 
through the specimen. The image obtained gives a 
much clearer picture of the specimen without any 
apparent blurring. 

A high velocity stream of electrons is focused to 
a fine point on the specimen and is made to sweep 
across the surface in a raster-like pattern. When they 
hit or slightly penetrate the surface of the specimen, 
secondary electrons are emitted from the surface and 
collected and amplified for display on a cathode ray 
tube. The specimen is placed in a vacuum chamber 
so that there is no undesirable influence on the electrons 
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apart from that governed by the nature of the specimen 
surface. 

The electron gun is mounted in the top of the tall 
cylindrical column as shown in Fig. 1. The accel- 
erating voltage is continously variable between I and 
20 kilovolts. The condenser lenses (there -are three) 
are situated between the gun and the specimen chamber. 
These lenses are not glass optical lenses, although they 
serve the same purpose as those in an optical system. 

They are, in fact, electromagnetic lenses, the upper 
two being mechanically interchangeable. The third 
is fitted with three interchangeable apertures. The 
working distance between the lower surface of the lens 
and the specimen is adjustable to anything between 
Q and 15 millimetres. The scanning coil which 
deflects the electron beam over the specimen in the 
raster pattern, is mounted within the bore of the final 
lens, so that low minimum magnifications can be 
obtained. It consists of a double deflection system, 
an 8-pole magnetic stigmator, and electrical “fine 
shift’’ coils. 

Magnification is determined by the ratio between 
the length of the line scanned on the display screen 
to that on the specimen. The signal strength to the 
scanning coils can be adjusted to provide a wide 


range of magnification for a number of preset 
accelerating voltages. Magnification values obtain- 
able vary between x50 and x 100,000 at a working 
distance of 14mm and between «110 and x 220,000 
at a working distance of 0mm. 

The useful magnification, however, lies between 
x 20,000 and x 30,000, enabling details as small as 
200 A to be resolved. 


SIGNALS FROM THE SPECIMEN 

The specimen is usually fixed to a small table, which 
is at the foot of the column, and can be rotated by 
means of a vernier drive mechanism. The table is 
set at an angle to the horizontal so that the secondary 
electrons are directed towards the electron collector. 
The collection system consists basically of an electro- 
static focusing electrode, and a positively biased 
scintillator, optically coupled to a photo-multiplier. 
By adjusting the potential of the focusing electrode, 
the proportion of secondary to reflected electrons 
collected can be varied. The electrons are attracted 
to the scintillator by a 12kV charge, then liberate 
sufficient light to make the electron detection process 
virtually noise-free. 

Signals from the photo-multiplier pass through a 
head amplifier mounted near the specimen chamber 
then are injected into a video amplifier for display. 

In the “Stereoscan’’ electron microscope, built 
by Cambridge Instruments Limited, there are two 
display screens: one is coated with a long persistance 
phosphor to give a pictorial image from a slow moving 
trace; the other is normally fitted with a camera for 
taking photographs, like those of certain specimens 
shown in this article. 


Magnified view of a wasp’s head using the “‘Stereoscan”’. 
This picture, although the correct view of the face, has 
been inverted. The specimen was lying on its back and 


coated with 800A layer of gold. The gun potential was 
2 kilovolts. Magnification here is approximately XI7-5. 
Notice one antenna is retracted 


The power supplies for the gun, lenses, scintillator, 
and display units are housed in a large cabinet, which 
is kept far enough away from the microscope column 
to prevent the electromagnetic fields (from trans- 
formers, etc.) upsetting the normal functions of the 
deflector coils and lenses. 

A comprehensive interlocking safety system protects 
the whole instrument against damage, which might be 
caused by accidental misuse, water failure, mains failure, 
or vacuum leaks. 


SCANNING CONTROL 

The picture displayed on the screen is synchronised 
to the scanning coils in the column by using a scan 
generator. The voltage waveforms provided by this 
generator can be monitored on a small oscilloscope 
screen. Each display unit has a useful screen area of 
10-5 centimetres square, but the size of the scanned 
raster can be reduced and positioned anywhere on the 
screen. 

Images can be formed by using mainly secondary 
electrons or mainly reflected electrons. Secondary 
electrons are the most useful because they can be made 
to follow a curved path to the electron collector. It 
is possible to see details in deep re-entrant holes, or 
other areas screened from the direct line of sight of the 
collector, which would otherwise be almost impossible 
to achieve with the much higher energy reflected 
electrons. 

Due to the vast variation in the nature of adjacent 
areas of a specimen, the secondary electrons are 
emitted at different angles to each other. A distinct 
contrast of tone is made apparent because of this, 


Close-up of a wasp’s antenna protruding from its socket. 
The area (bottom right) is part of its eye. The specimen 


was coated with an 800A layer of gold. The gun potential 
was 20 kilovolts. Magnification approximately X6l 
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Part of the head of a common house fly. The ‘‘pebble”’ 
appearance of the two eyes show remarkable uniformity 
of size and shape. The nearest eye has specks of dirt on 
them. The area between the eyes shows the hairs pro- 
truding from pores in the skin 


and so gives a three-dimensional appearance of the 
image. Specimens such as semiconductor devices and 
integrated micro-miniature circuitry can be_examined 
without the risk of upsetting their dynamic properties. 

Work is being carried out by Dr. P. R. Thornton at 
the University College of North Wales, Bangor, to 
show how applied currents behave in semiconductor 
circuits. So far it has been possible to “‘see”’ the 
current flowing through a transistor junction in the 
form of varying densities of grey on the image; see 
the photographs of the metal oxide silicon transistor. 
If there is a small defect in the semiconductor material, 
this shows as a dark irregular area, rather like an ink 
blot. The path of the current through the material 
is diverted and shows up as remarkable crescent shaped 
patterns leading away from the defected area. 

Because of the high efficiency of the electron collec- 
tion system the probe current in the ‘Stereoscan”’ 
microscope is very small. The dissipation of energy in 
the. specimen is much lower than in the trans- 
mission microscope, for similar accelerating voltages. 

It is possible to see fragile specimens, such as 
biological tissues with little risk of damage to them. 
However, it is often necessary to provide a microscopic 
coating to non-conductive specimens; gold was used 
on the specimens of insects shown in the photographs. 
Under certain conditions, the specimen can be examined 
uncoated, but some loss of resolution will be noticed. 

Its application to injection laser technology, to the 
“physics of failure” in devices, and to the study of 
morphology of epitaxial layers and whisker crystals, 
was illustrated recently at the Physics Exhibition in 
London. 

The scope of applications is obviously enormous; 
the photographs show just a few of the fascinating 
examples of electron microscopy that have been 
studied so far. Probably one of the most important 
uses lies in studying metallurgy, for example, detecting 
defects in aircraft structures. * 


HIS timer is designed for use in a dark room where 

panchromatic film or plates are developed, the 
development time being four minutes after which a 
bell, connected to the timer, will ring. It may easily 
be adjusted to provide timing periods from less than 
one minute to over five minutes with the components 
shown, or for longer periods if extra capacitance is 
added in parallel with the timing capacitor. 

As a secondary function the timer emits a loud 
ticking sound at one second intervals during the timing 
period. This ticking sound serves two purposes: 
it assures the operator that the timing period is in 
operation and proceeding; it may be used to count 
seconds of exposure time during enlarging or printing. 

In conditions of complete darkness, necessary for the 
dish-development of panchromatic plates, it is import- 
ant that the act of starting the timer should be very 
simple and come to hand immediately. Accordingly 
the timer (which has the appearance of a small extension 
speaker) was mounted fairly high up on the wall, with a 
cord dangling from its middle. All that is required 
to start the timer in the dark, is to feel along the wall 
for the cord and give it a short tug. 

The timer is driven from the mains. Its supply is 
coupled with that of the warning light outside the 
dark room, so that no one would forget to switch this 
warning light on during the development process, 
or switch the timer supply off after use. 

The bell, which rings for a period of about six 
seconds at the end of the timing period, is separately 
powered from a 6 volt battery, and is mounted 
remote from the timer in a position where it may be 
heard at some distance from the dark room. 


CIRCUIT 

The circuit of the timer is made up of three parts, 
namely the delay, the ticking, and the bell. The 
sequence of the three parts is controlled by the three 
sets of contacts of the relay shown RLA in Fig. 1 
(relay contacts are shown in the normal or de-energised 
condition). ; 

The delay period is started by a short pull on a cord 
attached to the lever of the microswitch S!. The lever 
contact of this switch is connected to the positive line 
and it is shown at rest in -the Nc (normally closed) 
position. Also at rest is the changeover contact 
RLAI, which connects R2 in series with Cl. 

As the negative side of this capacitor is connected 
via the coil of relay RLA to the negative supply, then 
the capacitor will quickly become fully charged. 

The starting tug on the cord momentarily moves the 
microswitch contact to the lower NO (normally 
open) position, which isolates Cl and applies the 
positive supply line to RLA coil. The relay is thus 
energised and its changeover contact RLAI breaks 
Cl from R2 and applies the fully charged capacitor 
to VRI and R3. The transistor TRI is completely 
cut off, thus causing almost all the current passing 
through R4 to flow through the base of TR2. The 
emitter and collector of TR2 passes sufficient current 
through the coil of RLA for it to remain in the ener- 
gised state after the microswitch has been released 
from the No position, back to NC. 

Capacitor Cl now starts to discharge through VRI 
and eventually a point is reached when the voltage at 
the base of TRI is such that it commences to pass 


Fig. 2. Suggested circuit for 
a mains power supply unit AC 
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Fig. |. Complete circuit diagram 
of the process timer and alarm 
bell 
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COMPONENTS ... 


TIMER UNIT Loudspeaker 

Resistors LS! 302 2tin diameter 

RI 10kQ R6 3°3kQ 

Y 

R310k0 RS 3-3kO BY! 6V dry battery, heavy duty (for bell) 

om nos a ae BY2 9V dry battery, heavy duty (if required 

All 10°/, $ watt carbon 3 for main supply to circuit) 
Potentiomet Miscellaneous 

eee lccieartos Create in in > kin | 
Capacitors Veroboard laminated wiring board, Sin > 2}in 

Cl 1,000uF elect. 12V (see Text) POWER UNIT 

C2 50uF elect. 12V (if required to replace BY2) 

C3 50uF elect. 12V . Resistor 

C4 8yF elect. ISV RI} 22002 10°, | watt carbon 

CS 3,200uF elect. 16V (Mullard) (or made up : 

f 0 Capacitor 
rom 2,000uF -+- 1,000uF 25V in parallel) C6 1,000:F elect. ISV 

Transistors 

TRI, TR3, TR4 OC7I (Mullard) (3 off) Transformer 

TR2 OC72 (Mullard) (I off) TH Pri. 230/250V a.c. 
Diode Sec. 9V-0-9V 80mA 


Di OA8I (Mullard) 


Relays ees 
RLA 902 with 4 sets of changeover contacts sOmr ‘ 
type MH4P (Keyswitch Relays) ee nee 
RLB 1,000Q with at least one set of changeover -o 
contacts (G.P.O. type 600) 


Microswitch 


Si Single pole miniature changeover with lever 
arm 
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more and more current, thus reducing the current 
flowing to the base of TR2. Consequently, the current 
through the coil of RLA is reduced until it is no 
longer able to hold RLA on. Any increase in the 
reluctance of the magnetic circuit causes a corres- 
ponding reduction of flux passing through the coil, 
which in turn causes a back e.m.f. to be developed 
across it. The diode D1 is connected in parallel with 
the coil of RLA to ensure that this back e.m.f. does 
not damage the transistor TR2. The timing period is 
made to end smartly and precisely thus returning the 
circuit to normal. 

The ticking sounds are produced by an astable 
multivibrator comprising transistors TR3 and TR4 
and their associated components. Its action is 
unbalanced so that TR4 is on for a much shorter period 
than TR3. The pulse from TR4 is transmitted to a 
small 3 ohm loudspeaker via the capacitor C4 to give 

ib tick, whilst the longer pulse from TR3 is 


timing period. — 
The bell circuit (shown separately below the main 
circuit) is closed only when relay RLB ‘is energised. 


412 


Fig. 3 (left). Complete wiring details of the unit. The 
**start’’ cord is soldered to the microswitch lever 


Fig. 4. 


Underside-view of the component board 


When RLA is energised the changeover contacts 
RLA3 connect R10 and C5 across the supply voltage. 
Thus capacitor C5 charges during the timing period. 
On completion of the timing period contact RLA3 
returns to normal in the position shown and C5 dis- 
charges through R10 and the 1,000 ohm coil of RLB. 
Relay RLB operates causing contacts RLBI to close. 
The bell now rings during the decay period of the 
charge held by capacitor C5, the decay time being 
equal to 
Cs_X (Rio + Ren) seconds 
108 
where C is in microfarads and R is in ohms. 


CONSTRUCTION 

The small components may conveniently be built up 
on Veroboard laminated wiring board: the relays 
and loudspeakers are bolted to the metal chassis (see 
Fig. 3). 

The microswitch should be of the type which 
has a spring lever to actuate the button: _ this 
should be mounted firmly inside the case with a cord 
or wire attached to the lever. The potentiometer VR1 
Should also be mounted so that its spindle passes 
through the chassis. A scale can be calibrated for this 
and marked in fractions of seconds. 

The power pack can be made up from the circuit 
shown in Fig. 2 or a heavy duty battery can be used, 
the connection to the mains. In the 
mnection was made at the rose of the 
after the mains had been turned off of 
se, but if this is considered inadvisable the warning 
amp could be a neon wired separate from the mains 
and the whole unit connected by a plug in the normal 


way. * 
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HIS article describes a simple circuit, based mainly on 
multipole Yaxley-type wafer switches, of an infallible 


machine for playing the game of “‘Nim’’. The game 
is played entirely on: these switches, and four lamps are 
used to indicate the correct moves to the machine 
operator. 

First, it is necessary to say a little about the game 
itself and about the tactics of winning. The game 
now known as “Nim” is in fact a very ancient one and 
is believed to be of Chinese origin. It is-for two players 
who play alternately. At the beginning of the game 
a number of objects (for example, matches) are divided 
into several heaps, either in a pre-determined manner 
or in a manner decided by one of the players. 

At each turn a player takes away one or more matches 
from one of the heaps. He must take at least one 
match and he may take the whole heap if he wishes, 
but he is not permitted to take from two different 
heaps in one turn. The player who eventually takes 
away the last match is, in one version of the game, the 
winner and, in another version, the loser. Naturally 
it is necessary for the players to agree beforehand which 
version they are playing. 
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TACTICS OF “NIM” 

In this section an account is given of the tactics of 
the game. It is not necessary for the constructor to 
master this section, since all the tactical devices are 
incorporated in the circuit to be described. 

A complete understanding of the mathematical 
background of ‘“‘Nim’’ has been known for many years, 
but the application of the remarkably simple rules 
resulting from it rarely fails to baffle the uninitiated. 

Basically the tactics for winning depend on the fact 
that all possible combinations of numbers are either 
“winning combinations’ or “losing combinations”’. 
Every possible play made from a winning combination 
results, for the player, in a losing combination, whereas 
from a losing combination it is always possible to make 
at least one play that results in a winning combination. 
In other words, if player ““A’’ contrives to leave a 
winning combination early in the game, any move 
player ““B’’ can make necessarily results in what is for 
him a losing combination, whereupon ‘‘A”’ can once 
more play to leave a winning combination and hence 
eventually win the game. 
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To determine whether a given 
combination is a winning or a 
losing one, the numbers of 
matches in the various heaps are 


« expressed as the sum of one or 


more numbers of the series 1, 2, 
4, 8, 16, 32, etc., that is, in terms 
of the powers of 2. Then, if each 
power of 2 (including unity) is 
present an even number of times 
(or absent altogether), the combi- 
nation is a winning one. 

If any power of 2 is present an 
odd number of times, the combi- 
nation is a losing one. For 
example, suppose we have four 
heaps containing respectively 11, 
10, 3 and 2 matches, we express 
these heaps as having 8 -- 2 + 1, 
8 + 2, 2 + 1, and 2 matches 
respectively. Since there are two 
8’s, no 4’s, four 2’s, and two 1’s, 
this is a winning combination. 
However the combination 7, 6 and 
3, which may be written 4-+ 2+-1, 
4+ 2, 2 + 1, is a losing one 
because the number 2 is present 
an odd number of times. 

This rule applies throughout the 
game in the version in which the 
player taking the last match is the 
winner. It requires a slight modi- 
fication for the version in which 
the last to play is the loser. The 
extra rule here is that, when no 
heap contains more than one 
match, an odd number of heaps 
(i.e. an odd number of I’s) is a 
winning combination and an even 
number is a losing combination. 

The only other information 
necessary for winning at “‘Nim” 
is on how to turn the opponent’s 
losing combination into a winning 
one for onself. The rule isto take 
from the heap containing the 
highest power of 2 that is present 
an odd number of times, and to 
leave behind sufficient to pair off 
all the unpaired powers of 2 in the 
other heaps. 

For the 7, 6 and 3 losing com- 
bination noted above; since 2 
occurs in each heap, three alterna- 
tive plays are possible, leaving 
one of the winning combinations 
5, 6, 3: 7, 4, 33%0n 420 
However, with the losing combi- 


Fig. |. Circuit for Nim Computer 
showing the ‘‘losing combination’”’ 
5, 2, 4, 2. The wafers are shown 
as seen from below and the 
numbering is shown in the ke 

diagram alongside. The wafers ‘‘a’’ 
to “‘h” are ganged for each switch 


nation 10, 8 and 5, only one winning play is 
possible—that which leaves the combination 10, 8, 2. 


CIRCUIT DESCRIPTION 

The circuit illustrated in Fig. 1 represents a game of 
“Nim” in which there may be up to four heaps of 
matches and up to seven matches in each heap. The 
numbers of matches are represented by the seven 
settings of the switches S1 to S4. It should be noted 
that SI is a 6-pole, 8-way switch and S2, S3 and S4 are 
8-pole, 8-way switches. The numbering of the positions 
of all switches is represented in the key. The posi- 
tion illustrated shows the combination 5, 2, 4 and 2 
for SI to S4. All Sl wafers are ganged; all S2 wafers 
as well; the same with S3 and S4. 

The indicator bulbs LP1 to LP4 may conveniently be 
1:‘5V flashlight bulbs and, since not more than one 
can be lit at once, the circuit may be powered ade- 
quately by any small 1-5V battery. 

The single pole 2-way switch S6 is used to select the 
version of the game being played. If the last to play 
is to be the winner the switch should be in the upper 
position as illustrated, i.e. Sle connected to Slg and 
Sif wipers. The lower position is used when the last 
to play is to be the loser, i.e. Sle wiper connected to 
Sih wiper. 

The operation of the circuit is as follows. The 
positive terminal of the battery is connected via the 
main on/off switch S5 to the wiper of Sla. If any one 
or three of the switches SI to S4 are set at positions 
4, 5, 6, or 7, it will be seen that the supply voltage 
reaches LPI, which consequently lights up, while the 
remainder of the circuit is dead. If however none, 
two, or four of the switches are set at 4, 5, 6, or 7, the 
supply voltage is transferred from LPI to the wiper of 

Ic. 

Now if any one or three of the switches SI to S4 are 
set at positions 2, 3, 6, or 7, it will be seen that LP2 
will be lit and the remainder of the circuit will be dead. 
If however none, two, or four switches are set at 2, 3, 6, 
or 7, LP2 is not lit and the voltage is applied to wafers 
Sle—S4e and S1f-S4f. 


The function of these “e’’ and ‘“‘f’’ wafers is to dis- 
tinguish combinations, in which numbers greater than 
1 are present, from those made up solely of I’s and 
O’s. It will be seen that if one or more of S1 to S4 
are set at a number higher than 1, the supply voltage 
reaches the wiper of Slg via the “f” wafers, which are 
wired in parallel. If, however, SI to S4 are all set 
at the | or 0 positions, the supply reaches the wiper of 
S6 via the ‘“e’’ wafer switches which are wired in 
series. Nevertheless, if S6 is set in the upper position 
(last player the winner) the supply again reaches the 
wiper of Slg. 

Now if any one or three of SI to S4 are set at posi- 
tions 1, 3, 5, or 7, lamp LP3 will be lit, whereas if none, 
two, or four switches are set at 1, 3, 5, or 7, lamp LP4 
will be lit. 

When S6 is switched to the lower position (last 
player the loser) the supply from Sle reaches the wiper 
of Sih instead of Slg. Now with one or three switches 
set at position 1, LP4 is lit, whereas with none, two, or 
four switches set at 1, LP3 is lit. 


COMPONENTS... 


Switches 
SI 6-pole, 8-way wafer switch (I off) 
$2-4 8-pole, 8-way wafer switches (3 off) 
s5 Single pole, on-off toggle switch (I off) 
$6 Single pole, two-way toggle switch (I off) 
LPI-4 —=_1-5¥ flashlight bulbs (4 off) 


Battery 
BY | |-SV dry battery 


Miscellaneous 
Four pointer knobs, four lampholders, box 10Lin » 
Séin x 4in, p.v.c. covered wire. 
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Fig. 2. Suggested layout and drilling details of the panel looking at the top face 


To summarise: if LP4 is lit, the switches are set at a 
winning combination; if LP1, LP2, or LP3.is lit, the 
switches are set at a losing combination and the 
highest unpaired power of 2 is respectively 4, 2, or 1. 

Although the circuit shown in Fig, 1 is not incorrect, 
it is not necessary to make the connections to positions 
2 to 7 inclusive on Slh, since Sih is only live when 
Sl is set atQor 1. 


LAYOUT AND CONSTRUCTION 

The photographs and Fig. 2 show a suggested layout. 
All the components are panel mounted in what might 
conveniently be the lid of a box measuring approx- 
imately 10jin x S5gin x 4in. Pointer knobs are used on 
the switches $1 to $4, and the positions are numbered 
from 0 to 7. 

The positioning and labelling of the lamps LPI to 
LP4 is at the discretion of the constructor and depends 
to what extent he wants to give away the secrets of 
operating the computer. If he is prepared to commit 
to memory the functions of the various lamps then 
little or no labelling is necessary. In the suggested 
layout, LP4 (which indicates a winning combination) 
is labelled “Your Turn to Play” and is coloured green. 
Lamps LP1 to LP3, which indicate losing combinations 
are coloured red and are arranged within a triangular 
pattern of numbers (see Fig. 2). The significance of 
this is that the correct move for the machine involves 
turning a switch set at any of the four numbers im- 
mediately surrounding the illuminated lamp. 

Little need be said about the wiring of the computer. 
It is recommended that the connections between the 
wafers and contact tags should be made on each of the 
switches S1 to $4 before the interconnections between 
these switches are made. It will be noted that for the 
a- and b-wafers, the 0, 1, 2, and 3 positions on one 
wafer are connected to the 4, 5, 6, and 7 positions on the 
other wafer.. For the c- and d-wafers, the 0, 1, 4, and 5 
positions on one wafer are connected to the 2, 3, 6, and 
7 positions on the other, while for the g- and h-wafers, 
the odd numbered positions on one wafer are wired 
to the even numbered positions on the other. 
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PLAYING “NIM” ON THE COMPUTER 

The contestant who wishes to challenge the com- 
puter is invited to set any combination of numbers he 
pleases on $1 to S4 and also to set S6 at the position 
of his choice. The game consists in the machine 
operator and the contestant turning back the switches 
to zero according to the rules of “‘Nim’”’ (i.e. for each 
move any one switch may be turned back as far as 
desired), and the winner is as indicated by S6. 

All the machine operator has to do is to observe 
which bulb is lit, note the numbers around this bulb, 
find a pointer that is set at one of these numbers and 
then turn this back until the green bulb L4 lights. If 
the contestant allows the machine to decide who plays 
first, then the machine will inevitably win if operated 
as described above. If a particularly ‘“‘difficult’’ 
contestant disputes the machine’s initial indication of 
who is to play first, the operator should switch off S5 
before each turn of the contestant. Any mistake by 
the latter will then allow the machine to take control 
and win. 


ALTERNATIVE SWITCH COMBINATIONS 
The machine described above can be built for about 
£4. Similar design principles can however be used 
to build either larger or smaller machines for various 
outlays. Suitable switch combinations are listed 
below. 
Table | 


: Switches required 
Number of switch 


positions (ways) One with Two or more with 
3 or 4 4 poles 6 poles 
5 to 8 6 poles 8 poles 
9 to 16 8 poles 10 poles 
17 to 32 10 poles 12 poles 


If the winner/loser changeover facility represented 
by S6 is not required, each switch may have two poles 
less. The game is trivial with only two switches. 


NIZOIN 
NOVELTIES 


HIS article completes the series illustrating some of the many uses of neon lamps.The 

neons employed are all miniature wire-ended types as shown above. 

Two examples which are ideally suited to these applications are those supplied by 
Radiospares (striking voltage 65 volts), and the Hivac type 3L general purpose neons. The 
latter type requires a striking voltage of 80 volts and maintaining voltage of 60 volts. 

Some neon indicators have a resistor wired in series with one of the neon wires to make 
them suitable for mains voltages. These would normally be unsuitable for the circuits 
described unless the resistor is removed or short-circuited. 


[TEN] VOLUME LEVEL INDICATORS 


UDGING by the wide differences in volume level 

settings, adopted by members of the family when 
adjusting the radio or television, the ear is not neces- 
sarily the best device for deciding optimum volume. 
Neons have already been used for peak and overload 
recording level indicators on tape recorders and the 
circuit shown here is quite suitable for this application. 
However, its use may be extended to indicate volume 
level on mains operated domestic receivers. 

There are only three connections to be made to 
incorporate this refinement. The potential divider 
chain across the h.t. supply AB is symmetrical; one 
end connects to h.t. positive, the other end connects 
to the common line or chassis. Connection C, the 
junction of the two series resistors of the neons, 
is taken to the anode of the output valve. The preset 
controls should be adjusted so that one neon glows on 
the accepted peak output and the other glows if the 
volume level is excessive. 

The neon indicators can be mounted to protrude 
through the front panel of the set. As the h.t. voltage 
may be between 200 and 300 volts, care must be taken 
to ensure that none of the wiring is exposed. The two 
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preset potentiometers VRI and WR2 may either be 
fitted to the chassis of the set or may be mounted on a 
small paxolin panel together with the two fixed resistors 
RI and R2. 
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| ELECTRONIC 


HE mandolin, which has for some time been popular 

with folk-song singers, is now beginning to appear 

in conjunction with the electronic guitar in “‘pop” 

groups. Although in itself adequate for solos, it 

requires amplification to compete in harmony with 
other instruments. 

Fortunately, it is a fairly easy and inexpensive task 
to modify an existing mandolin provided it meets 
certain requirements. The modification described 
herein will add an electronic pick-up, a volume control, 
vibrato control and a bass lift control. Two jack 
plugs and one 4-way cable (or two 2-way cables) 
connect the mandolin to the amplifier. The electronic 
Guitar Amplifier (described in the February and March 
1965 issues of PRACTICAL ELECTRONICS) should be 
modified for low impedance input as shown elsewhere 
in this issue. The mandolin provides a low impedance 
input. 

Although designed for this particular amplifier, the 
mandolin can be used with a high impedance input 
amplifier, provided that a matching transformer of 
about 50:1 step-up ratio is connected between the 
output of the mandolin and the input of the amplifier. 

At current prices the overall cost of the modification 
is reasonably small—approximately £2. Allowance 
should, of course, be made for the cost of the amplifier 
which, if a commercial item, would be fairly expensive. 

The prototype is a twelve-stringed instrument, but 
the standard eight-string mandolin adapted as des- 
cribed can be very effective. The aperture under the 
strings must be large enough (or enlarged) to allow 
access for small fingers to fit the electronic components, 
including the pick-up, which spans the aperture. The 
photograph in Fig. 1 shows the prototype, which is a 
left-hand instrument; right-handed players should 
follow the component location instructions but keep 
in mind that their instrument will be a “mirror image’. 
The switches, jacks and volume control for a right- 
hand instrument would be on the opposite side. The 
pick-up and all wiring connections will suit both types. 


PICK-UP 

A little information on pick-ups may be of interest 
before actually going into the constructional details. 
The fundamental item in any electro-magnetic pick-up 
is a permanent magnet with two “poles”, one north, 
one south. These are not always easily recognised in 
the shape of some magnets, but the type of ‘“‘button’”’ 
magnet used in this modification (see components list) 
has two very prominent “poles” or stubs. If a yard 
or two of insulated wire is wound round one pole and 
a sensitive milliammeter is connected to the ends of the 
wire, the meter pointer or ‘‘needle’’ will remain motion- 
less at zero. But if a steel or iron nail, screwdriver, or 
other steel object is touched on to the pole, the needle 
will ‘“‘kick’? one way or the other, showing that an 
electric current has passed momentarily through the 
wire around the pole. Remove the nail, and again 
the meter will kick, but in the opposite direction. 


Now move the nail swiftly across the pole, very close 
but not touching; the meter needle will move in 
sympathy, showing that, as long as the magnetic field 
around the pole is interrupted, there will be an electric 
current induced in the wire. 

Now we can see the basic guitar pick-up action. 
Instead of moving a nail across the pole, let us set a 
steel guitar string in vibration above the pole. Current 
will be generated in the wire, this current being related 
to the speed, or “‘frequency”’ at which the string passes 
to and fro over the pole. Since “frequency” is another 
name for a “‘musical note’’, the frequency of the pick-up 
signal current represents the note which is produced 
when the string is plucked. This current is fed into a 
powerful amplifier to obtain a larger “output” current, 
truly representative of the input or pick-up signal 
frequency, to drive a loudspeaker. The sound we hear 
from the loudspeaker is the same musical note produced 
by the string, but very much more powerful. 

The pick-up used in this instrument follows the 
foregoing principles but the sensitivity is enhanced by 
having both poles of the magnet under the strings. In 
this way, the magnetic field is increased so that the 
vibration of the strings will generate a larger current in 
the pick-up winding. Magnets used are the button 
type (manufactured by James Neill & Co. (Sheffield) 
Ltd.), and are obtainable from ironmongers. 


PICK-UP CONSTRUCTION 

Obtain a piece of brass plate about 4in by 2in by 
&in. The length will depend on the width of aperture 
in the mandolin and should be long enough to be 
bolted on either side of the aperture. Shape the plate 
as in Fig. 2 then draw a centre-line along its length to 
mark the positions of holes ‘ta’ and “b’’. Slip the 
plate under the mandolin aperture and mark on to the 
plate the position of each group of strings, while the 
plate is centrally positioned. In some mandolins it 
may be necessary to slacken the strings to insert the 
plate in the aperture. See that the strings are in their 
correct positions on the bridge before marking the 
string positions on the plate. Now mark the edge of 
the aperture on the left and on the right, and the foot of 
the aperture (i.e. side nearest the bridge); this should 
be very close to the edge of the plate. 

Remove the plate. Place an ‘Eclipse’ 4in diameter 
button magnet in turn above each pair of lines represent- 
ing each group of strings. Stagger the magnet positions 
as shown in Fig. 2 to obtain clearance between magnets, 
and mark through the centre hole in the magnet. 
Remove the magnet. Halfway between the edge of the 
plate and the outline indicating the left-hand edge of 
the aperture, mark the position of securing hole “‘a’’. 
Treat the right-hand edge in the same way. Drill all 
of these marks, using a No. 32 drill, then tap the holes 
for 4B.A. screws. 

Obtain four tin by 4B.A. countersunk head screws to 
secure the magnets to the plate, and temporarily 
assemble the magnets. Mark and drill two holes jin 
diameter, alongside the two outer magnets at positions 
“c’’ and ‘“d’’ to carry connecting wire. (See Fig. 2.) 
Place the magnet assembly in position above the aper- 
ture and mark through the securing holes “a’’ and “*b” 
on to the mandolin. Remove the assembly and drill 
the mandolin for 4B.A. clearance (No. 26 drill) where 
the plate is to be attached. 


MAGNET HEIGHT 
Tighten the two outermost strings until just taut. 
Slip the magnet assembly under the wires and into the 


aperture, holding it firmly against the inside of the 
body and in its intended position. (Assistance may 
be required during the next step.) With the magnet 
assembly firmly held, press the nearest Outer string on to 
the fret wire nearest the magnets and note the gap between 
string and magnet. If the gap exceeds 4in packing 
will be required between magnet and plate. Check 
the magnet gap at the other outer string, whilst pressed 
on to the fret wire, and again determine whether packing 
is wanted. Remove the magnet assembly, dismantle 
the magnets, and by adding washer(s) between magnet 
and plate raise the magnets as required. When finally 
assembling the magnets, note that one side of a magnet 
tends to pull towards its neighbour but the other side 
will not “stay put’ and turns away. Fit the magnets 
so that the repelling sides (like poles) are adjacent; 
this prevents a magnetic “short-circuit”. 


WINDING 

Pass a turn of self-adhesive tape round one limb of 
each magnet to prevent the wire being damaged on the 
corners of the magnet. Using 30 s.w.g. enamelled 
copper wire, pass about eight inches of the wire through 
hole ‘“d’’ alongside the right-hand magnet. Small 
grommets or sleeving should be used on the end to 
prevent chafing on the plate. Wind 50 turns on one 
limb of each magnet, observing the winding direction 
shown in Fig. 2. Add a touch of glue to each winding 
and around the sleeving to prevent them coming adrift, 
then leave the assembly to set. While the glue is 
setting, a cover for the magnets can be formed from 24 
s.w.g. sheet brass bent into a U-shape. The top of the 


Fig. |. Left-handed mandolin modified for use with the 
P.E. Guitar Amplifier 
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| Fig. 4a. Cable connections from PLI (pick-up) to PL3 
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Fig. 2. Brass plate with the magnets mounted and winding 


Fig. 3. Wiring diagram of 
the components inside the 
mandolin body. If not 
used with the P.E. Guitar 
Amplifier, omit SK2, SI, 
and $2 


NOTE: Sl isa bass boost 
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provided because the man- 
dolin is naturally high in 
treble content 
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Fig. 4b. Cable connections from PL2 (tone/vibrato to PL4 
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U can be allowed to rest on the magnets, and the limbs 
of the U held to the assembly plate by soldering at 
four points. Polish the surface of the cover and apply 
a clear lacquer (or “banana oil” from a model shop). 


WIRING 

If the mandolin is to be used with the guitar amplifier 
described in the February 1965 issue, you will need in 
addition, two jacks with plugs, two toggle or push- 
switches, and one volume control. If the mandolin is 
to be used with a different amplifier, you will need only 
one jack with plug and the volume control. 

The prototype shows the controls on the left for a 
left-handed player; for a right-handed player, the 
sockets and switches will be on the right-hand side of 
the mandolin body, and the volume control on the 
right of the strings, i.e. the mirror image of the layout 
shown in Fig. 1. 

When cutting holes for the controls, use a twist-drill, 
not a “wood-cutting” bit, as the latter may splinter 
the veneer or split the top surface; loosen all strings so 
that the top surface is free from strain. Position the 
volume control so that the knob can be readily turned 
by a finger when the hand is ina playing position. The 
switches should also be easily operated without notice- 
able delay when playing. Hole dimensions are not 
given since they depend on the actual components used. 

Connect the components as shown diagrammatically 
in Fig. 3, leaving sufficient wire between them to allow 
fitting in their allotted positions. Check each con- 
nection by tugging fairly firmly. If the wire comes 
away easily, a “dry” joint is evident; the wire will 
have to be reconnected and soldered properly. When — 
assured that all joints are sound, fit the components 
into the mandolin, leaving the wires from the 
volume control, for connection to the pick-up, emerg- 
ing from the aperture. Now fit the pick-up in position; 
chrome finish countersink head screws are quite effective 
on a polished surface. Slip a lin piece of sleeving on to 
one wire from the volume control, about 4in of the 
end of this wire and about tin of one of the pick-up 
wires. Twist these wires together a/ong their lengths, 
solder the connection, then slip the sleeve over the 
connection. If the sleeve is loose, a spot of glue will 
keep it in place. Treat the other pick-up and volume 
control wires similarly, then tuck them back inside the 
mandolin body. This completes the mandolin, apart 
from tightening and tuning the strings. 

Two unscreened twin-wire cables taped together at 
intervals (or one 4-wire cable), carry the pick-up output 
and the vibrato and tone control circuits. These 
should be connected as shown in Fig. 4. The drawings 
are based on the use of the PRACTICAL ELECTRONICS 
guitar amplifier with the modification described 
elsewhere in this issue. Only one cable is required 
(cable (a) in Fig. 4a) if the mandolin is used on other 
amplifiers, but a 50:1 matching transformer is 
necessary if the amplifier has no low impedance 
input socket. Fig. 5 illustrates a matching trans- 
former with a jack plug to connect it to a commercial 
amplifier. 


continued on page 451 


Fig. 5. Alternative wiring of PLI and PL3 using a 50:1 
matching transformer for a high impedance amplifier 


HAT electronic science, in its present stage of develop- 

ment, can find a perfect solution for the apparently 
insoluble problem of fog will be seen in the device 
described in this article, by means of which objects 
at distances of miles away can be clearly seen through 
fog. It is a fog-vision-penetrator representing a 
radical departure from used methods of obtaining 
optical images of remote objects through fog. 

Not only is the device characterised by very wide 
range, but it has also the following advantages: 

(a) Very light weight, to be measured in ounces, 


‘and this makes it suitable even for pedestrian use in the 


form of a pair of spectacles, not heavier than those 
employed at present for hearing aid purposes. 

(b) It dispenses completely with vacuum tubes or 
transistors, with their amplifying noise concomitant 
and, instead, makes use of a new, very efficient system 
of amplification by feedback based on what is called 
the suspensovid cell, which is composed of a very thin 
layer of colloidal graphite situated between two layers 
of conductive glass in an electrostatic field. 

(c) Though the device is so very tiny, it is actually 
a television transmitter and receiver in which the 
scanning procedure is eliminated, all the picture 
elements being reproduced simultaneously on a mosaic 
consisting of a very large number of very small sus- 
pensoid cells. 


pul 


Fig. | (above). This cross-sectional view shows the build-up 
of the fog penetrator device 


Fig. 2 (right). The device in use. The scene would be 
*‘illuminated”’ by a lamp having a high output in the infra- 
red region 


DESCRIPTION OF THE DEVICE 

The essential features of this device are clearly shown 
in Fig. 1 and Fig. 2. 

A conductive glass disc 7, which in addition to being 
transparent to the infra-red rays and thereby passing 
them on to the photo-conductive semiconductor 
layer 2 on its back surface, puts the semiconductor 
layer 2 in electrical connection with the positive side 
of a d.c. source of suitable voltage. The layer 2 is in 
touch with a mosaic 3 of a very large number of very 
small pieces of conductive glass, bound together and 
separated electrically from each other by an insu- 
lating adhesive. A disc 5 of conductive glass is 
transparent to visible light rays falling on it from two 
lamp bulbs 6, and also serves as the h,t. path. 

Between the mosaic 3 and disc 5 is a very thin layer 
4 of colloidal graphite crystals suspended in an insu- 
lating liquid, for example, thin mineral oil. An infra- 
red image is projected on to the disc / by any suitable 
means, illustrated as a lens L in Fig. 2. The mosaic 3, 
layer 4 and disc 5 together form the suspensoid cell. 


METHOD OF OPERATION 

The apparatus functions as follows: An image of the 
scene, by infra-red rays, is projected on the layer 2 
through the transparent glass /. Each element of the 
semiconductor layer will have its electrical resistance 
decreased by an amount that is proportional to the 
intensity of the impinging rays, and thus the surface 
of the semiconductor layer 2 in touch with the pieces 
of conductive glass in the mosaic 3 will be nearer to or 
further from the full h.t. voltage of the source accord- 
ing as the intensity of the rays is high or low. In this 
way, an electrical image is built up on the undersurface 
of the layer 2 that corresponds to the infra-red image. 

The mosaic 3 is made up of small pieces of conductive 
glass that are insulated from each other, so that there 
will be no mixing-up of electrical charges in the ele- 
ments of the semiconductor layer 2 which they touch. 
The graphite, though in minute particles, retains its 
characteristic plate-like crystalline form. An electric 
charge acting on a graphite crystal will be accompanied 
by lines of force, and the graphite crystals will tend 
to set themselves along these lines of force, just as 
small pieces of paper tend to stand on end when 
dropped on to a charged metal plate. 

The rotation of the graphite crystals, from their 
haphazard arrangement to “‘end-on’’ positions, will 
depend upon the voltage on the corresponding element 
of the semiconductor layer 2, which is transmitted 


to the layer 4 through the touching pieces of con- 
ductive glass in the mosaic 3. The rotation will be 
most complete where the voltage is greatest, that is, 
for the most intense parts of original scene; and will 
effect almost complete parallel orientation of the 
crystals to transform parts of the liquid suspensions 
from opacity to transparency. Intermediate voltages 
will give rise to intermediate orientations of the crystals 
and correspondingly intermediate transparencies. Thus 
the suspensoid cell converts the electrical image into 
corresponding degrees of transparency. 

When the electric lamp bulbs 6, are switched on, 
a light-reversed image of the original scene can be 
viewed by looking into the glass disc 5. The light is 
reversed, i.e. the dark parts in the scene appear bright 
through the disc 5 because the highest transparency 
in the suspensoid cell is attained for those parts of the 
scene that are brightest. 

This device is specified in British Patent No. 996,414, 
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“ Seventy ”” is Special 


On this page last time we began a 
review of the  peculiarities—and 
qualities—of the various v.h.f. and 
u.h.f. bands which are allocated to the 
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cation sub-band, planned geographi- 
cally exactly as “Two” is, with the 
Home Counties in the middle, the 
North at the top and the West 
Country operators at the bottom. 

Another practical advantage of 
regarding 432 to 434Mc/s as the 
communication “sub-band”’ is that 
two metre transmitters, by dropping 
their third harmonics within it, can be 
used as drivers for 70 centimetre 
stages. 

Next up from ‘Seventy’ is 
“Twenty Three’. Here again con- 
venience decrees that 432Mc/s output 
stages shall be used as drivers for this 
u.h.f. area, which in consequence 
discloses much activity centred 
around 1,296Mc/s. 

Although the 23 centimetre band is 
“very line of sight’’, communication 
well over the hundred mile range and 
indeed into the continent of Europe 
has been recorded on many occasions. 
Truly, the challenges offered by this 
quite “‘difficult’’ band have been met 
and overcome by the ingenuity and 
enthusiasm of the British transmitting 
amateur. 

Still more formidable challenges 
are offered by the “ultra highs’’ 
beyond ‘‘Twenty Three’’, but as yet 
occupancy there is only minimal. 


Examples of QSL Cards sent out by holders of Sound Licence B to confirm 
communication in the ultra high frequency spectrum 


Amateur Service. Here indeed is a 
subject of vast extent, and it was not 
surprising that space ran out by the 
time we had dealt with the four 
metre and two metre bands—and 
long before we had begun considera- 
tion of the next band up, 70 centi- 
metres*(‘‘up”’ in terms of frequency !). 

It may truly be said that “‘Seventy”’ 
is a rather special band, but before we 
go on to saying why, it is as well to 
remind readers that, as was shown in 
last month's diagram, the 70 centi- 
metre band extends from 427 to 
450Mc/s, and that a segment from 
432 to 434Mc/s has been voluntarily 
adopted by amateurs as a communi- 
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The ‘“G8’’ Plus Threes 


We said above that “‘Seventy”’ is 
special. This goes also for all the 
frequency bands above it; for it is 
to these allocations that the new 
‘““G8-plus-threes”’ are confined. Who 
are the ““G8-plus-threes’*? They are 
the holders of what the G.P.O. calls 
quite simply “‘Sound Licence B’’, but 
which is fancifully dubbed ‘‘Tech- 
nicians Licence’*, the ‘‘Morseless 
Licence’” and one or two things 
besides which bear little relationship 
to the true situation. 

“Sound Licence A’”’ is the licence 
which the Post Office will grant to 


persons able to show that they have 
passed both the Radio Amateurs’ 
Examination and the morse code 
examination (the latter at 12 words a 
minute), 

For ‘Sound Licence B” a pass in 
the Radio Amateurs’ Examination 
alone is required. Morse is not. In 
fact, its use is forbidden! But 
Sound Licence B permits operation 
only in the 427-450Mc/s band and in 
the bands higher in frequency still, 
and its holders are allocated the 
special “G8-plus-three letter’’ call- 
signs that identify them as u.h.f. men. 


Advanced Technology 


To date, over three hundred call- 
signs in this sequence have been 
allotted to three hundred persons 
who, with their eyes open and their 
wits about them, know that if they 
are to go on the air at all they need to 
master the fairly formidable difficul- 
ties of engineering a transmitting 
station capable of receiving and 
sending on the “ultra highs’’ to 
which they are confined. 

It is jejune to argue that in half the 
time it takes to organise such a 
station the experimenter could have 
mastered the morse code and qualified 
himself for a full licence. Many 
don’t want to! The sheer satis- 
faction of taming the recalcitrant 
“ultra highs’? is to them its own 
reward. 

The impact of the G8-plus-threes 
on the u.h.f. scene in Britain has 
been remarkable. For many years 
before their advent in 1964, Seventy 
Centimetres was a barren waste 
unattractive by reason of the technical 
problems which it posed except to the 
few persistent enough to try to 
break them down. Now, with 
“Sound Licence B’’ men much in 
evidence, it is possible to work in one 
day as many stations as once could 
be worked in a week—or even in a 
month. 

And on the still higher ‘“‘ultra 
highs’’ quite difficult development 
work goes on in the confident know- 
ledge that the lone-wolf days are over 
and that there really will be someone 
—probably a G8-plus-three—at the 
other end ready to share the fruits of 
the labours. 

You don’t need morse to get a 
Sound Licence B, but you do need a 
great deal of know-how! 
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EXPERIMENTS in 
LOGIC DESIGN 


by S.T. ANDREWS 


The purpose of this series is to demonstrate the use of switching and logic 


circuits for arithmetical calculation. 


A brief description of some of the basic circuits will be given, both in theory 
and practice. Various ways of using these circuits will be discussed, leading 
up to the design of a binary adding unit. 

Then will follow the development of additional circuitry needed to extend 
the facilities of the simple adder in order to perform the further: operations 
of subtraction, multiplication and division. 


o begin with, it is convenient to discuss certain 

basic switching and logic circuits individually, 
keeping each type as simple as possible. As far as 
possible each circuit should be compatible with all the 
others, both in respect of power requirements and 
input and output impedances and signal amplitudes; 
then one unit can feed directly into another and so 
large-scale networks can be built up. 

The first two circuits to be mentioned are the so- 
called “‘AND’’ and “‘or”’ gates or circuits. These can 
be represented by a “black box” as in Fig. 1.la. 
In the case of an OR circuit, a signal is generated at the 
output when there is a signal present at either input | 
or input 2, hence the name of the circuit. 
AND circuit, a signal is generated at the output only 
when there is a signal present at input | and a signal 
at input 2, simultaneously. Again the derivation of 
the name is obvious. 

A signal, in this general description, can mean a 
voltage pulse across the input, or a sudden pulse of 
current, or both. A convenient way of representing 
these circuits on paper (but by no means the only 
way) is to draw a circle and write inside it the minimum 
number of input signals required for an output to be 
produced. Thus Fig. 1.1b needs only one input 
signal to produce an output, so this is the symbol ‘for an 
or. Similarly the symbol for a simple AND is shown 
in Fig. 1.1c. 

When designing the electronics to go inside the 
black box it is necessary to decide what type of signal 
is to be used. In the circuits to be discussed in this 
series, a signal is taken as meaning a negative-going 
voltage pulse of about 5-6 volts amplitude. The 
duration of the pulse is not yet important. 

It is quite possible to have gates with more than two 
inputs and these may be or’sor AND’s. Fig. 1.2a shows 
a three input or: if any one of the inputs carries a 
signal then a signal appears at the output. Fig. 1.2b 
shows a four input AND, in this case there will be an 
output when signals are simultaneously present at any 
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two inputs, all inputs being equivalent. Another 
version of this would be an arrangement where all four 
input signals had to be present at once in order to 
generate an output signal, and the symbol for this is 
given in Fig. 1.2c. 

Both these gates belong to the group known as 
“logical circuits’? since they are capable of making 
some simple distinction between various input con- 
ditions. Other arrangements of gates are possible 
but these are the only two with which we are 
immediately concerned. 


OR GATE CIRCUITS 

So much for theory. There are numerous ways of 
building such gates in practice, the actual circuit 
depending on the type of signal which is being used. 
In our case, where voltage pulses are used as signals, 
one very convenient type of arrangement uses only 
diodes and resistors to produce the desired logical 


(@) (b) (c) 


Fig I.1. Symbolic representation of gate circuits. (a) 
Simple ‘‘black box’’ symbol. (b) and (c) The conventional 
way of indicating an OR and an AND gate, respectively 


(a) (b) (c) 
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Fig. 1.2. Symbols for gates having more than two inputs. 
(a) Three-input OR gate. (b) and (c) Four-input AND 
gates 
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Diodes OAS 
Transistors OC70/OCT! 
=type not critical 


INPUT 26 


Fig. 1.10. Detailed circuit diagram of a two-input adder 
such as represented by Fig. !.9 


SUM CANCELLING 

In the absence of Rx, the circuit is merely a parallel 
AND/OR combination feeding two amplifiers and is the 
same as Fig. 1.8. It is Rx which causes the suM 
cancelling to occur and the method of operation is as 
follows. When one input only is applied to the adder 
the base of TR4 is pushed down towards the zero line 
as TRI begins to conduct. Rx has little effect on this 
since the collector of TR3 is at a low potential anyway, 
consequently the sUM output occurs as before. How- 
ever, when both inputs are applied simultaneously and 
the CARRY signal is produced, TR3 collector rises 
towards the —9 volt line and, via Rx, maintains the 
base of TR4 negative. TR1 still conducts, of course, 
and still has an effect on TR4 through R10, but this 
effect is now at least partially cancelled out by TR3. 
In effect the base of TR4 is pulled down to the zero 
line by TRI, and up to the negative line by TR3. 
The net result is that TR4 continues to conduct and 
does not give any erroneous SUM output. 

The value of Rx is rather critical and it is necessary 
to use a variable resistor of 10-25 kilohms in this 
position and adjust it accordingly. If Rx is too 
large then the sum output will not be cancelled when a 
CARRY Signal is generated. If Rx is too small the base 
of TR4 will be kept too positive and will be unable to 
give a proper SUM output even when it is supposed to 
do so. 

The two-input adder shown ig* Fig. 1.10 is not a 
purely hypothetical circuit, but a working practical 
one. The most convenient way of testing it is to use 
6 volt batteries as signals and measure the voltage 
developed across TR3 and TR4 collector loads. 

It is possible to economise on components by making 
TR2 generate the cancelling signal and using this 
to inhibit the input to TRI. The circuit of an 
“abbreviated”’ adder using this technique is given in 
Fig. 1.11, but it has the disadvantage that the output 
signals are positive-going and so non-standard as 
far as our conventions are concerned. 


Fig. 1.11. Circuit arrangement for an ‘‘abbreviated”’ adder 


NEED FOR THREE-INPUTS 

The circuit of Fig. 1.10 is our first example of a 
complete arithmetical element, that is, one which is 
capable of performing .a complete sum, even if only 
a very simple one. This circuit can do all four of the 
basic numerical operations of binary arithmetic and 
is a very good starting-point for a more complex 
adding system. 

By itself, the two-input adder can form the sum of 
any two binary digits, but in adding complete numbers 
this is not always enough. Consider the following 
addition: 

\ DCBA 

1110 

1101 

11011 
when adding these two numbers the right-hand column 
(A) is added first, then the next column to the left (B), 
then column C and finally D, just as in decimal addi- 
tion. The two-input adder would add columns A, B, 
and C satisfactorily but it would get stuck on column D. 
In this last case there are three digits to be added, not 
two, the two digits of the numbers being added, plus 
a CARRY digit from the previous stage. This possi- 
bility of having to add three digits could arise in any 
column of the addition except the extreme right-hand 
one, so in a binary adder which is to be able to add 
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numbers larger than 1 each adding unit must be able 
to add three digits. The need arises, then, for a 
three-input binary adder instead of the two-input 
version, the complete addition table now reading: 

SUM CARRY 


Ore Oe Oe 
+++++44+ 
—S OOH 
+4+++++4++ 
— tt et CS 3 > 
rtd td bed wea 
Del el el) 
et Oe OOO 


The two left-hand columns are digits from numbers 
being added, the next column the CARRY digit from 
the previous stage. 


THREE-INPUT ADDER 

A binary three-input adder can be constructed from 
two two-input adders by linking them as shown in 
Fig. 1.12. One additional logical element is required, 
an or to feed the carry output. 

Although it. might not at first sight appear so, all 
three inputs are equivalent and a little consideration 
will show that this arrangement will give the desired 
combination of outputs. 


Fig. 1.13 (left). Circuit of an OR gate suitable for use in 
the adder shown in Fig. 1.12 

Fig. 1.14 (right). Suitable coupling arrangement for use 
between SUM output of A and input of B (Fig. !.12) 


A single input at either input 1 or 2 will pass through 
adder A, leave on its SUM wire, pass through adder B, 
and leave on the suM output. A single input at input 3 
will go directly through B and also leave on the suM 
output. A single input at | or 2, together with a signal 
at 3 will generate a CARRY in B which will go via the 
OR gate to the CARRY output. Two inputs at 1 and 2 
generate a CARRY Signal in A and this also leaves via 
the or gate. If this happens simultaneously with an 
input at 3 then the carry is still produced in A and a 
SUM Output is generated in B at the same time. 

It is not felt necessary to give the full circuit of the 


three-input adder since this is merely two two-input 


adders joined up. A suitable or gate for the CARRY 
output is given in Fig. 1.13. The sum output of adder 
A is coupled to the input of adder B as shown in 
Fig. 1.14. This ensures that the input is at zero 
potential in the absence of a signal from A. (The 
collector of TR4 in A is not quite at zero when the 
transistor is conducting.) 


432 


NEXT MONTH 


a . ae 


GUITARIST’S FUZZ BOX 


An effects unit widely used by professional and 
amateur pop groups. Also known as a ‘Tone 
Bender”’ 


MICROBUG LOCATOR 


This useful instrument will detect and locate an 
eavesdropping device. It will also trace sources 
of troublesome electrical interference. 


FOUR CHANNEL MICROPHONE 
MIXER 


An inexpensive transistorised unit of particular 
interest to recording enthusiasts. 


STABILISED POWER SUPPLY 


Providing d.c. outputs of 13V at 500 mA and 9YV at 

50mA this compact mains-operated unit is the 

ideal power source for experimental transistor 
circuits. 
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THE VALVE LINGERS ON 


A few weeks ago I joined a crowded 
meeting at the IEE here in London 
listening to a discussion on the 
problems facing the television receiver 
designer when going “‘solid state’’. 

Some of the particular problems 
which were described seemed formid- 
able enough, certainly to someone 
on the side lines such as myself. On 
the other hand the general com- 
petence of the speakers and their 
complete familiarity with the subject 
made one suspect that technical 
problems are not the sole reason 
for the somewhat tardy progress 
towards transistorisation. It seems 
more likely that set manufacturers 
are not too enthusiastic about 
changing from well tried valve 
designs for economic reasons. 

The ensuing question and answer 
period ended fittingly enough with 
a somewhat challenging probing 
enquiry concerning the nearness of 
the solid state successor to the 
cathode ray tube. Alas, no confident 
predictions on this subject. 


THINGS TO COME... 


Talking of solid state devices, I 
am reminded of this year’s Physics 
Exhibition. This show provided 
ample evidence that research into 
solid materials is one of the most 
important and rewarding activities 
today. 

Certainly at least One came away 
with the knowledge that significant 
developments are in the pipe-line 
and that electronic technology is 
bound to feel the impact of many of 
these ideas soon. (We will get that 
solid state television screen before 
many more Exhibitions have passed, 
I am sure!) 


_.. AND OF YESTERYEAR 


After looking around at exhibits 
likely to influence our future, it was 
relaxing to turn attention for a 
while to a collection of scientific 
instruments of bygone days. 

In recognition of the fact that 
this was the 50th Exhibition of its 
kind, the organisers had set one 
corner of the hall aside for the display 


detached 


of historical instruments and appar- 
atus. Most of these items were 
developed in the period just before 
or immediately after the first exhibi- 
tion held by the Physical Society 
in 1905. This was the brass, ebonite, 
and mahogany period as represented 
by sturdy, well engineered examples 
of the instrument maker’s art, as 
well as the inventive genius of the 
designer. Like, for example, the 
first ohmmeter made by Sidney 
Evershed (1889); Siemen’s Dyna- 
meter for measuring current, resist- 
ance, and power; Fleming's Cymo- 
meter which enabled wavelength, 
inductance and capacity to be 
directly measured; and the first 
production model of Fleming’s diode 
valve. 
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artiste will be seen as well as heard. 
Frightening thought. 

I can’t really believe there is much 
of a future for this idea. Now, a 
cheap video tape recorder—that’s 
something different. 


CAPTIVE AUDIENCE 


I had the temerity to attack pirate 
broadcasters last month. No doubt 
[ will be unpopular with some other 
people when [ mention that there 
are also “‘pirates’’ at the receiving 
end. These are the characters who 
bilk the BBC of licence money, and 
are probably at the same time 
severe critics of the programme 
material they receive for free. 

It will be recalled that the sugges- 


“It’s no good hiding —we know you’re in” 


Finally, although strictly non- 
electronic, I must not overlook that 
fine vintage model gramophone: the 
very same model that together with 
““Nipper’’ formed the subject of the 
painting which was destined to 
become the most famous trade mark 
of all. 


VISUAL ACCOMPANIMENT 


It is a far cry from the “dog and 
trumpet’? to the “TV discs’’ now 
being planned in America. By plug- 
ging the record player into the 
television receiver, the latest pop 


tion was made a while ago that radio 
and television retailers should pass 
on to the authorities names of set 
purchasers. 

By way of retaliation, the Radioand 
Television Retailers’ Association puts 
forward the interesting proposition 
that receiving licences are out-of-date 
anyhow, and that the BBC should 
be financed out of public funds. 

Meanwhile, an interesting sidelight 
on the amenities allowed in H.M. 
Prisons is the Home Office instruction 
to all prison governors that detainees 
must have individual licences for 
their radios. No great problem here 
for the G.P.O. sleuths, one suspects. 
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Global Satellite Defence Link > 


4 Sige world’s first global satellite communications network 
. is being set up for the U.S. Department of Defence 
for military use. 

Instant world-wide voice and teletype communica- 
tions, relatively unaffected by atmospheric or solar 
disturbances, will be made possible by the satellites and 


pin-pointed ground-link terminals. The first satellites 
are to be launched later this year. 

The ground-link terminals, built by the Hughes Aircraft 
Company for the U.S. Army’s Satellite Communications 
(SATCOM) Agency, are transportable and can be 
assembled and put into operation in 48 hours. 

Each terminal, known as Mark IB, has a 40ft 
diameter parabolic antenna housed for protection against 
weather in a dual-wall inflatable radome 58ft high 
(right). The terminals are able to transmit and receive 
four voice and four teletype messages at the same time, 
and can also send and receive facsimile photographs. 
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X-ray Image Intensifiers 


RODUCTION of new transistorised equipment to assist 

X-ray photography have been developed by Marconi 
Instruments Limited and the English Electric Valve 
Company. Two diagnostic X-ray image _ intensifiers, 
using a direct television image orthicon camera tube 
(above), produces a picture on a flat fluorescent screen. 
A lens system focuses the X-ray image on to the photo- 
cathode of the camera tube. The picture quality is 
controlled automatically irrespective of the strength of the 
X-ray image. The two models—I0in Marionette (left) 


and 12in type OAI700—-will become available in August 
this year. 


Automatic Resistor Grinding Machine ~ 


HIS machine (above) represents the latest developments 

in the resistor grinding field and is designed to auto- 
matically grind metallised or carbo-film resistors from 
1-8 to 6mm in diameter and 6 to 20mm in length. Com- 
ponents are brought to pre-set final values between 10 ohms 
and 10 megohms by grinding a spiral in the metal or 
carbon. 

The machine (shown at the A.S.E.E. Exhibition) has 
been developed by Veb Elektromat of West Germany 
and is being supplied to British manufacturers by Techna 
(Gt. Britain) Ltd. 


High Power Thermoelectric Generators > 


5 alt new thermoelectric generators, with greatly in- 
creased power ratings, have been developed by the 
3M Company. Both models, rated at 100 watts and 200 
watts operate on propane, butane or natural gas, as do 
the four earlier models. 

Accessories for them include voltage limiters, to 
regulate the voltage output of the units, as well as 
gas pressure regulators and automatic gas shut-off 
valves. The generators are. capable of producing 
either 6, 12 or 24 volts d.c. Applications include 
providing cathodic protection for underground pipe- 
lines, powering remote radio transmitting and relay 
stations, and for powering marine buoys. 


Wafer Probing Machine > 


T THE Instruments Automation and Electronics 

Exhibition (23-28 May at Olympia, London) 
one of many new items on show will be this wafer 
prober (right) developed by the Transistor Auto- 
mation Corporation in U.S.A. and imported by 
Livingstone Group. The machine rapidly tests 
integrated circuits, transistors and diodes in the 
wafer form prior to “scribing’’ or dicing operations. 
It can deal with 10,000 units per hour. 


‘bial sacear resistance capacitance circuit systems are 
being produced in modular form by Johnson, Mathey 
& Company. Known as “Silver Star Micamodules”’ 
these circuit systems have screen-printed noble metal 
films fired on to mica substrates. Screen-printed silver 
films are used for capacitors and conductors, the mica 
acting as the dielectric. Transistors and diodes can be 
soldered, then the complete circuit is encapsulated in an 
epoxy resin. The picture above shows one of these 
modules being tested. 


Micamodules 3 oe 
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BEGINNERS stort here... 


An Instructional Series for the Newcomer to Electronics 


HIS month we move on to consider the modern 
2 Bacal of the thermionic valve. Instead of 
glass enclosed vacuums, we find ourselves dealing with 
certain kinds of solid materials. These materials 
fall into a special class: they are neither good electrical 
conductors, nor perfect insulators; for this very good 
reason these materials are referred to as semiconductors. 


SEMICONDUCTORS 

In some respects, the flow of electrons through the 
spaces between the orderly “rows” and “columns” 
of some crystalline materials produces a situation 
analogous to the electrons moving in the vacuum 
of a valve envelope. The crystalline substances we 
refer to are the semiconductor materials which have 
become very important nowadays, such as germaniui 
and silicon. 

Normally, few electrons are available for current 
conduction in a pure specimen of semiconductor. 
The outer or valency electrons of the various atoms 
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link up, forming the crystalline structure of the 
material as indicated in Fig. 20.la. However, by 
adding a controlled amount of an impurity substance 
to the pure semiconductor material, the conductive 
properties can be considerably affected. If the added 
impurity material has more electrons in its atoms than 
the basic material, these electrons become ‘‘spare’’ or 
“free”? and can act as current carriers. See Fig. 20.1b. 

It is also possible to add an impurity material which 
has one less valency electron in each of its atoms than 
the basic material. This results in a deficiency of 
electrons in the crystalline structure bonds. This 
deficiency, or vacancy, is called a positive Aole. See 
Fig. 20.lc. The drifting free electrons pop into the 


Fig. 20.la (left). This is a two-dimensional representation 
of the crystalline structure of elements which have four 
valency electrons, such as germanium (Ge) and silicon (Si). 
The outer or valency electrons of the atoms determine the 
conductive nature of the material. Each valency electron 
pairs off with another in an adjacent atom, thus there are 
no ‘‘free’’ electrons to act as current carriers 


Fig. 20.1b (below left). Here two “impurity’’ atoms such 
as arsenic (As) or antimony (Sb) have been added to the 
pure germanium or silicon. The added “‘impurity’’ atoms 
have five valency electrons each, and so there is one elec- 
tron per atom spare after the co-valent bonds have been 
made. These spare electrons are available as current 
carriers. The doped material is known as n type 


Fig. 20.lc (below). Here the pure semiconductor material 
has been ‘‘doped’’ with two atoms such as gallium (Ga) or 
indium (In) to produce p type material. The impurity 
atoms have only three valency electrons and so vacancies 
occur in the crystal bonds. The vacancies are called 
‘tholes’’ and can be considered to act as positive current 
carriers 


i Ge or Si 
4, atoms | 


holes, and in so doing can be considered to create 
other holes—whose movement is in the opposite 
direction to that of the electrons. 

Thus in semiconductors we might find current 
flowing by electrons wandering one way, or by positive 
holes flowing the other way. Notice that this situation 
shows that two different methods of current flow are 
possible. 

Now for a few technical terms you will come across 
in this subject. The process of adding an impurity 
material is called doping the semiconductor. If the 
impurity tends to produce a cloud of free electrons, 
the semiconductor is called “‘n type”. If it is a cloud of 
positive holes, then the material is called “‘p type’. 

The semiconductor crystals are grown from the very 
purely refined elements germanium or silicon, although 
for a number of purposes compound semiconductors 
are used, such as cadmium sulphide or lead sulphide. 
The doping materials are often antimony for # type 
and indium for p type materials. 


RECTIFICATION IS POSSIBLE 

Semiconductor crystals can be arranged to conduct 
electricity in one direction only—or to rectify alter- 
nating currents. This makes them of great value in 
electronics. 

Two types of semiconductor crystal rectifier or 
diode are possible, one is the point contact diode, 
coming down as a development of the crystal and 
“cat’s whisker’’ of the early days of radio. Galena 
(lead sulphide) was often used then, but germanium 
is the common material now. 

The other type of rectifier is called the juncrion diode, 
and is a result of modern finely controlled industrial 
production methods. This last type is very interesting 
and important and we shall attempt an elementary 
explanation of how it operates. 


JUNCTION DIODE 


First consider a small block of semiconductor 
crystal as illustrated in Fig. 20.2. We have arranged 
the left-hand half to be doped »# type, and the right 
half is p type. The sharp dividing line between the 
two halves produces the junction, although in fact the 
crystal structure passes uninterrupted physically from 
one end of the block to the other. 

There will be a cloud of electrons milling around in 
the left-hand half, while a corresponding cloud of 
holes exists in the right-hand part. If a battery is 
now connected across the crystal block as shown in 
Fig. 20.2a, the left-hand half of the crystal is made 
positive and the right-hand side negative. Therefore 
the electrons will all tend to move down towards the 
left, and the holes will move towards the right. (Un- 
like charges attract.) No charges cross the junction, 
which in fact is now a region depleted of charge 
carriers (holes or electrons). This region is tech- 
nically called the depletion layer. A very high resist- 
ance is offered by the block of semiconductor crystal 
under these conditions. 

Reversing the battery connections as shown In 
Fig. 20.2b drives the appropriate carriers towards 
the junction, and they stream across it and on to the 
electrodes. This happens continuously, and a very 
low resistance is offered. 

The first condition (Fig. 20.2a) is termed the reverse 
direction, the second (Fig. 20,2b), the forward direction. 
Thus we have a rectifier, very efficient, without a 
vacuum and requiring no heater. 


Fig. 20.2. When a p-n junction is formed, current will only 
flow through the crystal if the voltage is applied as in (b). 
If the battery is connected as in (a) the electrons and the 
holes move towards the ends of their respective sections 
and there is no current flow through the junction (apart 
from a very small leakage current) 

MAKING THE SEMICONDUCTOR AMPLIFY 

Just as it was thought that the electrons flowing in a 
vacuum valve lent themselves to external control by a 
third electrode, so it must have occurred to many early 
investigators that semiconductors might also be sub- 
jected to some external control. This did not materialise 
in a practical form until about 1948: the thermionic 
valve had won and attracted all the attention, and the 
crystal detector fell into disuse. (It is interesting to 
speculate what would have happened if the crystal 
amplifier had developed first!) 

When the transistor did arrive on the scene, it 
certainly created a sensation—e/ectronics has never 
been the same since! 

The transistor (the name comes from “transfer 
resistance’) consists really of two semiconductor 
diodes back-to-back. Both point contact and junction 
types are known, but the use of point contact types 
has diminished. 

In Fig. 20.3 we show various symbols used to depict 
transistors in circuit diagrams. 


collector collector 
{collector 
base base base 
emitter emitter mitter 
(c) 
collector 


emitter 
(d) 
Fig. 20.3. Symbols for transistors. The last two are the 
symbols we are most concerned with: (d) pnp transistor, 
(e) npn transistor 
Although a transistor can be represented by the 
two diodes drawn symbolically as in (a), the common 
electrode is really one and the same thing, and (6) 
would be a more accurate representation. (This 
symbol has been proposed for junction transistors.) 
The standard symbol now widely adopted is shown in 
(d). This particular symbol has in fact been derived 
from the point contact type. Some journals use the 
symbol shown in (c), this being a much closer 
resemblance to the actual construction of a junction 
type. We in PracticaL ELectronics adhere to the 
British Standards Institution recommendation, 1.e. as 
in (d@) and (e). 
Next month we will have a look at the way a tran- 
sistor operates. 
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F the U.K. most of the present applications of 
thyristors are in industrial control equipments such 
as those found in steel, paper, textile mills, etc. In the 
U.S.A., where they have been available longer, they 
are found in portable drills, vacuum cleaners, washing 
machines, fan heaters, bedside lamps, sewing machines 
and a hundred and one other domestic appliances, 
although these applications are now gradually being 
accepted in the U.K. Acquiring knowledge about a 
new component is usually built up in three separate 
stages. They are: 


1, Learning about the fundamental behaviour of 
the device. 

2. Experimenting with some proven circuits. 

3. Using ingenuity in applying the basic circuits to 
specific requirements. 


This article will help you with stages | and 2. Stage 
3 is for you to follow up. Learning fundamentals is 
never very light work but in this case the time spent 
will be richly rewarded. 


BASIC THEORY 

Unlike a transistor which has three layers, either 
pnp or npn, the. thyristor (or silicon controlled rectifier) 
has four—pnpn. This is illustrated in Fig. 1, where it 
will be seen that the structure can be considered to 
consist of an mpn and a pnp transistor with a common 
collector junction. This, of course, must not be taken 
to mean that a thyristor can be made up from a pair 
of transistors by joining together the collector leads. 
It is not quite as simple as that! 

The thyristor has three leads (tags or studs in the 
case of the big ones) and these are connected inside the 
can to three distinct parts of the structure. These are 
shown in Fig, 1, 

Let us now look at the circuit symbol for the thy- 
ristor as shown in Fig. 2a. You will see that it uses 
the basic diode symbol with the gate lead “tagged” 
onto the cathode. Although this symbol has been 
used generally for some time, it does not truly represent 
the relative connections, since the gate is, in fact, 
between anode and cathode. Fig. 2b shows the British 
Standard preferred symbol which indicates, in addition, 
the direction of flow of the gate current for a pnpn 
device. Itis reversed for mpnp. 


a Fig. !. Di f 
ig. !. Diagramo 
the moke-up of p 

eT 

Ls | 


—_ and n layers with 
relative connections 
CATHODE ANODE 
wet ca a 
GATE 
GATE 
CATHODE CATHODE 

Fig. 2a. Conven- Fig. 2b. British 
tional symbol for a Standard symbol 
thyristor for a thyristor 
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A proper understanding of thyristor depends on 
the appreciation of five basic facts: 


1. It can be in one of two possible states. It can 
be on (allowing a current to flow from cathode to 
anode) or off (allowing only a very small leakage 
current to flow from cathode to anode). 


2. When it is on it acts exactly like an ordinary 
diode, i.e. it will only pass current in one direction. 


3. It can be switched from the off to the on state 
by a positive signal on the gate, but once it is on the 
gate cannot exert any further control, i.e. only a pulse 
on the gate is necessary to turn it on. Once on, the 
cessation of the gate signal cannot turn it off. 


4. Once the thyristor is on the only way to switch 
it off is to reduce the current flowing through it to 
zero (actually slightly above zero as explained later) 
for a short period of time, typically 50 microseconds. 


5. The thyristor needs a positive potential on the 
anode to enable it to conduct in the same way as an 
ordinary diode. 


Like other semiconductors, thyristors come in 
different sizes with different specifications. When 
building up equipment the first, and most important, 
problem is selecting the right unit for the job. 

Manufacturers of these devices issue comprehensive 
data sheets on their products. These are usually 
freely available and the importance of having full data 
on a device before using it cannot be too strongly 
stressed. In the data sheet you will find upwards of 
20 different parameters mentioned. Of these, seven 
are of real importance in all applications and the rest 
relate to the use of the device under specified circuit 
conditions. These seven characteristics are the for- 
ward current, the peak reverse voltage, the holding 
current, the maximum gate current, the minimum 
gate current, the maximum reverse gate voltage and 
the maximum forward voltage. We will examine 
each of these in turn and see how they are related to 
actual circuits. One very important point to bear in 
mind is that temperature variations affect the charac- 
teristics in the same way that they affect transistors. 
In each case the way in which temperature affects the 
performance will be given. 


FORWARD CURRENT 

This is the maximum current which the thyristor will 
carry and switch. It is sometimes given as an average 
value and sometimes as an r.m.s. value. The peak 
current for a specified short time interval is also 
usually given; this would apply where the thyristor 
feeds a reservoir capacitor. Units currently available 
are in the range 100mA, up to hundreds, even 
thousands, of amperes. To determine the current 
rating you require for a particular circuit a simple 
calculation is necessary. 


_Supply voltage _ 
Resistance of load 
Or, if you know the power rating of the load, 


Minimum current rating = Power of load 


Minimum current rating = 


For example, if you want to control two electric fire 
bars each rated at 1 kilowatt on a 230 volt a.c. supply, 
you would require a thyristor with an r.m.s. current 
rating of at least 


Thus a 10A thyristor would be required. 
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Size of a 200mA thyristor (left) and a I0A thyristor (right) 
compared with a matchbox 


PEAK REVERSE VOLTAGE 

For a particular current rating the cost of devices 
rises steeply as peak reverse voltage ratings increase. 
Ratings range from 25 volts up to several kilovolts. 
This particular parameter is only applicable to thy- 
ristors working in a.c. circuits and it is a measure of 
the maximum voltage which can be applied to the 
device in the reverse direction, i.e. negative to anode, 
without causing a breakdown. 

When determining the p.r.v. rating required in a 
particular application, bear in mind that it is a peak 
rating, whereas most supply voltages are expressed 
as an r.m.s. rating. The peak of an a.c. voltage is 
approximately 1-4 times itsr.m.s. value. For example, a 
thyristor required to operate from a 230 volt a.c. supply 
must have a p.r.v. rating of at least 1-4 «x 230=322 
volts. In practice a 400 or 800 volt device would be 
used depending upon the margin of safety required. 
Incidentally p.i.v. (peak inverse voltage) is the same 
as p.r.v. 


HOLDING CURRENT 

If the current through a relay coil is gradually 
reduced from its full value the relay will drop out 
before the current reaches zero. The same is true of 
a thyristor and the minimum current, below which it 
may not remain on, is the holding current. 

Holding current values lie between about | and 50mA 
depending upon the size of the s.c.r. The practical 
effect of the holding current value is to limit the amount 
of resistance which the load may possess. If you find 
a condition where the current passed by the load is 
below the holding current value, a suitable shunt resis- 
tor can be wired across the load to bring the current up 
to the correct level. Holding current decreases as the 
temperature increases. 


MAXIMUM GATE CURRENT 

To switch the thyristor on, a positive voltage is 
applied to the gate. This voltage must be applied 
through a resistor so that the maximum gate current 
rating is not exceeded. Typical ratings lie between 
100mA and 5A. The minimum value of resistor is 
found by calculating 
_Volts applied to gate 
Maximum gate current 

In this connection it should be appreciated that the 
relationship between the gate and the cathode is that 


of a forward biased diode and as such the resistance 
between the two is very low. 


Minimum resistance = 
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MINIMUM GATE CURRENT 

This is simply the minimum value of gate current 
which will cause the thyristor to switch on. Because 
it is very temperature dependent (its value drops as the 
temperature increases) most manufacturers give a 
graph of current against temperature instead of a 
single value. The two factors affecting the gate 
current are the voltage applied to the gate circuit and 
the value of the series resistor. To ensure that the 
thyristor will fire at all times, check that the resistor 
value will allow sufficient gate current to flow at the 
lowest temperature envisaged, with the gate circuit 
voltage at its lowest possible level. 

For example, assume the equipment has to operate 
down to —20 degrees C and the gate circuit voltage 
is from a 12 volt battery which can drop down to 
10 volts. To determine the maximum value of gate 
resistor, check the data sheet to find the minimum 


gate current at ~—20 degrees C, say 8mA and 
divide the 10 volts by this figure 
: j 10 
Maximum resistance = 0-008 > = 1,250 ohms 


Typical values for minimum gate current lie between 


1 and 50mA at room temperatures. 


MAXIMUM REVERSE GATE VOLTAGE 

Because the gate and cathode form a diode it is 
apparent that the reverse voltage which can be applied 
to the gate is limited. ‘When feeding the gate from an 
a.c. supply, this point has to be watched closely. If 
there is any doubt whether the gate can go negative 
with respect to the cathode, it is wise to connect a 
diode between the gate and ‘cathode, with the anode 
of the diode connected to the cathode of the thyristor. 
This will then clamp any negative voltage which appears 
on the gate. 


MAXIMUM FORWARD VOLTAGE 

This is the value of voltage which, when applied to 
the thyristor with positive to the anode, will not cause 
the device to switch on spuriously, i.e. ‘without a gate 
signal. If it is switched on without a gate signal it is 
a good sign that the forward voltage rating is being 
exceeded. There are two very important points to 
remember about forward voltage rating: 


1. It is very temperature conscious in that as the 
temperature rises its value goes down; 

2. Its actual value depends upon how quickly it is 
applied to the thyristor. 


The first one is due to the fact that, as the temperature 
increases, the leakage current between the various 
layers gets larger and this has the same effect as par- 
tially triggering the unit on its gate. This effect can be 
overcome to some extent by connecting a resistor of 
about 1,000 ohms between gate and cathode and allow- 
ing the leakage current to flow out of the junctions. 

The second effect is more complex but in practice 
any measures which can be taken to apply the anode 
voltage slowly, rather than quickly, will allow a greater 
margin of safety on the forward voltage rating. In 
practical terms this means avoiding the use of fast 
action switches, such as microswitches, to apply the 
voltage to the thyristor. If difficulty is experienced, 
try connecting a small (0-1-1F) capacitor between the 
anode and cathode as this, in conjunction with the 
load, will form a small time constant and will stop the 
anode voltage rising too quickly. 
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BASIC GATE CIRCUITS 
When designing gate circuits it must be borne in 
mind that three basic requirements have to be met: 


1, Gate current must not exceed maximum; 
2. Gate current must always exceed minimum; 
3. Negative voltage must be kept off gate. 


Manual switching on d.c. supplies. This is the simplest 
case and the circuit is shown in Fig. 3. The switch 
could equally well be a relay contact or a reed switch. 


Manual switching with a.c. supplies. This is shown in 
Fig. 4. The only difference between this and the 
previous arrangement is the inclusion of diode D1 to 
prevent the gate going negative. 


Delayed switching with d.c. supplies. If you want 
a time interval tetween applying power to the gate 
circuit and the thyristor firing, this can be achieved 
as shown in Fig. 5. When the switch is closed, Cl 
starts to charge. When it reaches the Zener voltage 
of the Zener diode D1 the diode conducts and fires the 
thyristor. If necessary a resistor is wired in series 
with the diode to ensure that the maximum gate current 
is not exceeded. 


Delayed switching with a.c. supplies. If the principle 
described above is applied to an a.c. circuit the result 
is a phase control and it is this which forms the basis 
of all thyristor a.c. power control circuits. With an 


Syagr START 


Fig. 3 Simple gate circuit 


Fig. 4. Simple gate circuit 
for a d.c. supply 


for an a.c. supply 


START 


Fig. 5. Delayed firing for 
d.c. supply 


Fig. 6. 
trol circuit for a.c. supply 


Basic phase con- 


Fig. 7. Methods of switching thyristors off when fed from d.c. 


a.c. supply on the anode, the anode voltage falls to zero 
at regular intervals. The gate can exert a constant 
control over the current in the anode load (in d.c. 
circuits once the thyristor fires it remains on and the 
gate cannot exert any further control). Consider the 
circuit in Fig. 6, which is not intended as a practical 
circuit but is simplified to show the operation. 

When the anode voltage starts to rise the capacitor 
commences to charge. After a delay, which depends 
upon the setting of VRI, the thyristor turns on and 
supplies power to the load until the end of the cycle, 
when the anode voltage falls to zero and the thyristor 
turns off. When the anode goes negative the thyristor 
cannot switch on, but the capacitor is discharged via 
D2. On the next positive half-cycle the thyristor 
fires again aftera delay andsoon. , 

From this it will be seen that the point on tHe positive 
half-cycle at which the load is connected depends 
upon the setting of VRI. Since VR1 is only controlling 
the capacitor current it can be a small carbon type 
variable resistor, but it can vary the current in a load 
rated at several thousand watts. The practical dis- 
advantage of this circuit is that only every other half- 
cycle is applied to the load, but this difficulty can be 
overcome as described a little later. 


TURNING OFF THE THYRISTOR 

We have already seen that in a.c. circuits the thyristor 
is automatically turned off every half-cycle. In d.c. 
circuits some method has to be found to interrupt the 
current flowing through the device momentarily. 
Fig. 7 shows four possible ways of doing this. In 
Fig. 7a a “‘normal-closed”’’ switch in series with the 
anode is opened to switch the device off. In Fig. 7ba 
‘“‘normal-open’’ switch across the thyristor diverts the 
load current when it is closed and the load is de- 
energised when the switch re-opens. In Fig. 7c an 


npn transistor is used in the same way as the switch in 
Fig. 7b. By switching the transistor on the current 
will be diverted from the thyristor and the load will 
de-energise when the transistor is switched off. 

Fig. 7d shows how one thyristor can switch another 
one off. Assume SCRI is on and load | is energised. 
The “left-hand”? side of Cl will be virtually at earth 
potential and the “right-hand” side will charge up to 
the supply voltage via load 2. If SCR2 is now fired 
its anode and the right-hand side of C1 will fall. Since 
the charge on a capacitor cannot change instan- 
taneously, the left-hand side of the capacitor, and 
hence the anode of SCR1 will also fall. This will cause 
SCRI to be momentarily reverse biased and it will 
switch off. If SCRI is now fired it will switch SCR2 
off, andsoon. Cl is called the commutating capacitor 
and the basic circuit can be adapted to form several 
types of oscillators and flashers. 


EXPERIMENTAL CIRCUITS 

Having now considered the various facets of thyristor 
behaviour we will finish off this article by describing a 
few practical circuits which can easily be made up on 
the bench and which illustrate the various basic arrange- 
ments described above. The actual types of thyristor 
used will depend on the current drawn by the load; 
hence no types are quoted on the diagrams. The 
same applies to the diodes. Use lamps for the loads. 


Experiment I. This is shown in Fig. 8. Closure of 
the “‘start’’ switch will turn the lamp on, and opening 
of the stop switch will turn it off. In each case only a 
momentary action is required. 


Experiment 2. This is basically the same as the 
previous one except that a “normal open’’ stop switch 
is used in parallel with the thyristor. See Fig. 9. 


Experiment 3. This circuit (shown in Fig. 10) is a 


Fig. 9. Another on-off control with 
Fig. 8. Simple on-off control a “‘normal open’’ switch in parallel 
with d.c. supply (experiment!) with the thyristor (experiment 2) Fig. 10. Basic thyristor flip-flop (experiment 3) 
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practical arrangement designed to illustrate the flip- 
flop action of two thyristors having their anodes 
coupled by a commutating capacitor. Initially neither 
lamp is alight. Operating either of the start switches 
will cause the appropriate lamp to light and further 
operation of the second switch will cause the second 
lamp to light and the first lamp to go out. 


Experiment 4. This is the same arrangement as 
experiment | but with an a.c. supply. In this case 
the lamp only lights to half brilliance, because the 
thyristor only conducts on the positive half-cycles. It 


Oi 


Fig. |1. Simple on-off control with a.c. 
supply (experiment 4) 


only remains alight as long as the start switch is kept 
closed, because the a.c. supply falls periodically to 
zero; on the next “zero’’ after the switch is opened 
it turns off and stays off. See Fig. 11. 


Experiment 5. We saw in experiment 4 that on a.c- 
supplies the thyristor only conducts every other half- 
cycle. One way to overcome this problem would be 
to use two thyristors connected back to front. This 
arrangement is entirely practical but it requires two 
lots of gate circuits and two thyristors, which can be 
expensive items. A novel alternative circuit is shown 
in Fig. 12. 
Th 


Fig. 12. Use of a bridge rectifier to obtain full 
wave control of the load (experiment 5) 


Notice that the load is connected in series with the 
input to a bridge rectifier and the thyristor is arranged 
so that, when it turns on, it shorts the output of the 
bridge. A little thought will show that when the out- 
put of the bridge is shorted the full a.c. supply will be 
applied to the load, since both halves of the sine wave 
can pass through the bridge network. The beauty of 
this arrangement is that the thyristor is effectively 
switching d.c., whilst the load is fed from a.c. By 
replacing the resistor divider in the gate circuit by a 
resistor-capacitor combination you have the basis of 
all thyristor a.c. power control circuits. * 
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HYRISTOR 
CONTROL 


Oo NE of the: most + Geel iene additions to the 
-workshop bench is a means‘ of controlling the 
speed of an electric drill, especially when drilling - 

: brickwork. The circuit described here may be used 
to control the mean power fed to a number of other © 
devices. such as, flood lighting, photographic lighting 

| or an a.c. electric motor (not a synchronous type). 
: ‘main element is a monostable trigger which 
es a noe to fire a fee bea Aaherwne known 


: ‘TRIGGER CONTROL | 
_. Referring to Fig. 1, the 240 volts a.c, mains supply 
as is rectified t by DI such that only the positive going half 


_ of the sine wave appears across the Zener diode D2. 

The two resistors; Ria and Rib in series, limit the 

-gurrent flowing in the Zener diode, and the Zener diode __ 

clamps the supply to the trigger circuit to 15 volts. 

» The output from across the Zener diode consists of a. 

" positive gaing : square wave as shown in Fig.2b. 

__ This positive going square wave is used as the power 

; supply for the remainder of the circuit. It is also fed 

via Ci toa ‘monostable trigger formed by TR1 and 

-TR2: the waveforms are shown in Fig. 2. The 

? positive going edge of this waveform {at Cl) coincides . 

_with the supply being applied to the circuit and TRI 

turns on and TR2 turns off. As C2 charges towards | 

“the supply voltage via VR1 and R6, a point is reached 

where TR2 turns on and in turn TRI switches off. 

The output from TR2 collector consists of a positive 

- going square wave, where the leading edge is controlled 

“by the phase of the mains and the lagging edge by the: <: 

setting of VRI control. 2 

-. The output from the monostable trigger is amplified 

_and inverted by TR3 and differentiated by C4 and R9 

_at TR4 base, TR4 is an emitter follower normally 

lucting by R9. The negative going pulse 

TR4 does not appear at the emitter due to 

1B non-conducting, and the positive going 

‘on and a positive pulse appears at 

| fed via C5 and the limiting | 

ate of the thyristor, SCR. Diode 

the gate from going negative. 

stor in the quiescent condition is non- 

on either half-cycle of the mains. A 

ve going ae appears at its gate coincident with — 

ive half-cycle of the mains at the anode. The — 
1en fires and remains conducting until the 


eform passes through zero; it then cuts off. 
thyristor therefore conducts for a portion of the 
tive excursion of the mains sine wave. The time 
: is conducting is determined by the setting of 
v : control, and ape mean ‘current in the anode is 


ved “smoothness of operation and a wider 
range of contro! can be obtained if a conventional 
Ronee supply is used as shown in Fig. 3. The dis- 
advantage of using this is that the size and weight of 
bas anit is increased fi spendenably, 
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COMPONENTS 


The unit is constructed in an Eddystone type 650. 


aluminium box, with the following mounted on the lid: 


outlet socket 13 amp rating type MK734.0r MK732: 
- with the front plate removed; two on-off switches, 
one which isolates the unit from the mains and the — 


other which switches from full power to half power 
where fine control is exercised by the potentiometer. 


Dn, Ake Rfb 


BT Y79/400R 
of CRS 3/40 


The. thyristor is mounted in the unit by fixing the 
stud into the neutral terminal of the outlet socket SK1. 
The remainder of the electronics are contained on a — 
piece of Veroboard mounted by two insulated pillars _ 


using the same fixing screws as for the outlet socket, _ 


The. components as specified in the parts list, 


_ should be used to enable the unit to fit together without. - 


trouble. The Radiospares and MK plug and socket.” 


Fig. i. Circuit diagram of the complete thyristor control 


unit. The thyristor is donated by SCR. 
operation point of view the L and N input supply via PL! ~ 
may be transposed, but for safety they should be as shown, - 
otherwise the unit should be completely insulated: 
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From the circuit. - 


may be ordered through any radio and electrical 
retailer. The semiconductors (transistors are all apn 
types) may be ordered from one of the many advertisers 
in this publication. Resistors Rla and R1lb can be 
replaced by a single resistor 5,000 ohms 10 watts if 
preferred. 

The thyristor connections are identified as follows: 


' stud is the anode; short tag is the gate; long tag is the 


cathode. The CRS3-40 has a peak inverse voltage 
of 400V and a mean current rating of 3-75A with a 
peak repetitive current of 20A. The unit as described 
will safely handle 750 watts. To obtain a_ higher 
rating a different thyristor type would be required, 
but it is likely to be approximately three times the 
price of the low current types. Typical high power 
types suggested are S8.T.C. CRS25—40 or Mullard 


_BTY87-400R. The unit will drive these types satis- 


factorily but a different mounting arrangement would 
be necessary using a heat sink. 


MAKING UP 
The drilling and cutting details of the box panel is 
shown in Fig. 4. There are a number of ways of 


(a) 


MAINS INPUT 


Bei | : 


POWER SUPPLY 
vRt VR ce) 


TR2 COLLECTOR 


(d) 
TRECOLLECTOR = et!” 
(e) 
\ | | \ 
if TR4 BASE i 
(f) 
Rese \ 


TR4 EMITTER 


LOAD VOLTAGE CONTROL MAX. 


LOAD VOLTAGE CONTROL MIN. 


Fig. 2. Synchronized waveforms at different parts of the 
circuit 
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cutting out the ‘T’-shaped hole for SK1. Probably 
the best way is to mark out the shape with a scriber, 
drill holes all round the inside of this line, break out 
the waste piece, then file to the required shape and size. 
Two 4 B.A. clearance (No. 26 drill) holes are drilled 
to fix the socket and pillars for mounting the Veroboard - 
panel. A drawing is also shown at the bottom of 
Fig. 4 giving the details of the pillars. Holes should 
be drilled in each end, then tapped very carefully to 
avoid damage to the material and the tap. 

The photographs show how the pillars are fitted, 
Notice from Fig. 4 that one end of each pillar is 4 B.A. 
(No. 32 drill), which is attached to the fixing screws 
through the metal plate of the box and the socket. 
The other end is 6 B.A. (No. 43 drill) to fix the com- 
ponent board. 

Full wiring details are shown in Fig. 5. The Vero- 
board has some link wires and the breaks are shown in 
Fig. 6. Observe the interconnections between the 
control panel and the component board. The wires — 
are colour coded for easy reference to wiring 
connections. Care must be exercised when mounting 
transistors, diodes, thyristor, and capacitors; make 
sure the connections and polarities are correct. 
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Fig. 3. Suggested circuit for an auxiiiary power unit to give 
smoother operation of the control unit 
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COMPONENTS... 


Resistors 
ME 240 12 orn ska tom 
R2 82kQ RS 6200 R8 10kQ RII ISO 
R3 =6200 R6 1kQ R9 22k0 
R4 82kQ = R7 100kKQ~— RIO 10kQ 
R2 to RII are all 5% high stability carbon types 
Potentiometer 
VRI 5kQ_ linear carbon 
Capacitors 
Cl SyF elect. I5V 


C3 25yF elect. I5V 
C2 SuF elect. I5V 


C4 0-022..F polyester 
CS O-luF polyester 


Transistors 
TRI, 2, 3,4 BSY9SA (S.T.C.) (4 off) 
Thyristor 
SCR BTY-79-400R (Mullard) or CRS3-40 (S.T.C.) 


Diode 
DI OA2I0 (Mullard) or FST3/4 (S.T.C.) 
D2 Zener SXISC (Mullard) or Z2AISOFC (S.T.C.) 
D3 OAS (Mullard) or GD8 (S.T.C.) 


Switches 
S| Single pole, on-off, toggle switch 
$2 Single pole, on-off, toggle switch 
Plug and Socket 
PLIi 13 amp 3 pin with 3A fuse (FSI in Fig. 1) or 
to suit mains supply socket on wall with 
additional 3A fuse if required 
SKI 13 amp 3 pin mains type 
Miscellaneous 
Diecast box (Eddystone type 650), 3-core mains cable. 
Pointer knob and p.v.c covered wire. Veroboard 
43/1504 
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fig. 5¢ (above). Wiring details of the component assembly 
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rd 
Fig. 6 (left). Underside view of the component assembly 
board . 


TRY IT OUT | 

When the unit is complete and the wiring is correet, 
it can be tried out. Insert PL1 into the mains supply; 
S| should be off and S2 should be on at first (i.e. set 
for full power). A domestic lamp (about 40W) is 
probably best to start with. Connect the load to SKI 
and switch on Sl. Having ascertained that the full 
mains is supplying the lamp, you can now set VRI to 
minimum and switch S2 to “half” power. Adjust 
VRI; the lamp brilliance should alter correspondingly. 
The unit can be tried out on other appliances 
provided they are within the range of power previously 
mentioned. 
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Part Five 


SINGLE 
CHANNEL 
PROPORTIONAL 
SYSTEMS 


By R.H. WARRING 


INGLE channel radio control presents a challenge to 
S ingenuity to extend the service offered beyond simple 
sequential movements. There are definite limits to 
what can be attempted in order to provide practical 
methods of sequence selection; 
definite limits to the number of individual sequence 
positions which can be utilised without rendering thé 
whole control system unmanageable. Thus, as far as 
model control systems are concerned, "ge 


single channel operation can only provide incomplete”. 


coverage of requirements, the real attraction £ 
that it is by far the cheapest form of radio centro! 
available. For that reason alone it remains’ the most 
popular type of radio control, in this country at least. 

About the only way in which ‘single channel 
signalling can be improved 1 in performance as a basic 
“control” method is to adapt it to proportional 
signalling rather than simple on-off switching and related 
“bang-bang’” movement of the ‘associated actuator. 
This demands some modification of the transmitter 
signal to provide a variablé signal and a modified 
form of actuator capable of 
interpreting that intelli- 
gence. 

Electronically (at the 
transmitter end) and elec- 
tromagnetically (at the 
actuator end) this is re- 
latively simple to arrange; 
but although this may pro- 
duce a “proportional” 
system it will ,still have 
distinct limitations as a 
practical control method, 
typically a lack of a positive 
or “safe’’ neutral position, 
for example. Also such 
servo circuits are almost 
invariably of open-loop type 
and thus not truly propor- 
tional, as the actual position 
assumed by the actuator 
output will be influenced by 
the load on it. 
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there are equally , 


‘“Single channel proportional systems do, however, 
pr Wie ide an interesting field for experiment; a number 

commercial ‘systems operating on this principle 
aréy,now “also available. The cost is appreciably 
lowe an conventional ‘multi-channel’ systems and 
very mich lower than the multi-channel proportional 
systems. This is because all the ‘intelligence’ required 


“gcan ‘be superimposed on the output of a conventional 
‘Single channel transmitter. 


PULSE SIGNALLING 

The basic method of achieving “proportional” 
signalling is to transmit the master (single channel) 
signal in a series of pulses rather than as a continuous 
signal. ,At the receiver end the actuator (which can 
be a simple electric motor) is wired to the receiver 
relay as shown in Fig. 5.1. 

Assuming that the transmitter signal is pulsed at a 
steady rate with equal periods of “on” and “off” (i.e. 
a mark/space ratio of | : 1), the receiver relay armature 
will follow at the same rate, alternately completing the 
battery circuits to drive the motor first one way and then 
the other. In other words, the motor will oscillate 
about a mean or “‘neutral”’ position, 

If the pulse rate is increased, there will come a point 
at which the motor is virtually stationary since it will 
not have time to start moving in one direction before 
it is switched with opposite battery polarity to move 
in the opposite direction. In practice, it is only 
necessary to increase the pulse rate to the point where 
the oscillation of the actuator (motor) is rapid enough 


SIGNAL IN 


Fig. 5.1. Pulse proportional signal operates the relay 
according to its mark/space ratio 


Fig. 5.2. Comparison of different mark/space ratios of the 
transmitter signal 


Secor wt 


Fig. 5.3. The movement of the crank to left (mark/space 
1: > 1), through centre (mark/space | : 1), to right (mark/ 
space > /: 1!) 


Fig. 5.4. Multivibrator circuit for providing variable mark’ 
space ratio pulse signals 


ae 


not to have any appreciable effect on the performance 
of the model being controlled. This corresponds 
to a minimum of four pulses per second in the case of 
model aircraft. 

Having established a satisfactory pulse rate, if the 
mark/space ratio is now altered the relay armature 
will tend to dwell for longer on one contact than the 
other. Therefore, the effective ‘‘neutral’’ position of 
the motor will be biased to one side in proportion to 
the mark/space ratio. Thus a complete range of 
“proportional’’ movement is made available, from 
continuous rotation in one direction (all ‘*mark*’) 
back to the true neutral position (1 : 1 mark/space) 
to continuous rotation in the other direction (all 
““space’’)—-see Fig. 5.2. 

In practice, rotation of only 90 degrees from the true 
neutral is necessary to obtain a full control movement 
as far as mechanical output is concerned. Hence a 
mechanical stop would normally be used at this posi- 
tion (allowing the motor to continue to run against a 
slipping clutch) whilst holding a “full on’’ control 
position. 


Alternatively the ‘full’ control position could be 
used for triggering a separate switching circuit to 
operate a secondary actuator, thus giving propor- 
tional movement of the main control, plus one or two 


‘ separate and additional services switched by selecting 


an extreme control position (all ““mark” or all “space”’) 
—see Fig. 5.3. Normally these auxiliary circuits 
would have to operate on a “trigger’’ basis, because 
if either were selected, it would mean momentarily 
selecting a full-on position for the main control. 


ELECTRONIC PULSING 


The necessary pulsed output from the transmitter 
can be achieved either mechanically or electronically. 
The latter is the preferred method, although quite 
excellent mechanical systems have been produced by 
individual modellers. Electronically all that is re- 
quired is a simple multivibrator circuit driving a relay. 
The transmitter output signal is then taken through the 
relay contacts and is “pulsed” at the rate correspond- 
ing to the multivibrator frequency. 

A typical circuit is shown in Fig. 5.4 together with 
component values. Resistor R4 in series with the 
relay is selected to make the combined value of R4 
plus relay coil resistance equal to Rl. The mark/ 
space ratio is controlled by VRI. As far as mechanical 
control is concerned, an arm attached to the potentio- 
meter spindle forms the “control stick’. Rotation 
in one direction increases the mark/space ratio; 
rotation in the other direction decreases the mark/ 
space ratio. The central position of the control stick 
(i.e. central position of the potentiometer) corresponds 
to 1: 1 mark/space and thus the “neutral” position. 
VRI1 would have a linear track. 

It is necessary that some resistance be left in the 
circuit at either end of the potentiometer. This can 
be done either by limiting the mechanical movement 
of the control stick so that some resistance remains 
at either end of the movement, or by adding fixed 
resistors of about 4:7 kilohms each, in series with 
each outer terminal of VR1I and each base. 

A refinement is to include a diode across R4 and 
the relay coil, as shown in Fig. 5.4. This will protect 
the second transistor against transient currents induced 
by the relay. 

The addition of a 20 kilohm potentiometer VR2 
between battery negative and VRI1 wiper will provide 
a further method of control in this circuit by permitting 
adjustment of the pulse rate. Once a suitable pulse 
rate has been established this potentiometer can be 
replaced by a fixed resistor of equivalent value to the 
setting established. 

The pulser circuit is quite independent of the main 
transmitter circuit. Thus it can be built as a separate 
unit, powered by its own battery, and simply attached 
to the transmitter case as an extra fitting. It can thus 
be used with any size and type of single channel trans- 
mitter to adapt it for ‘pulse proportional’ operation. 
In the case of a modulation (c.w.) transmitter, the pulser 
relay contacts would be connected in series with the 
h.t. lead. With a tone transmitter the pulser relay 
contacts would be used to switch the tone circuit. 

The single-channel relay receiver needs no modifica- 
tion at all for pulse operation, other than the utilisation 
of both relay contacts for completing the actuator 
circuit, and the necessity of having a suitable relay for 
following the pulsed signal. ; 

There is, however, some advantage in employing a 
simple transistor switch (such as in Fig. 5.5) for greater 
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Fig. 5.5. Using a pair of transistors to operate the 
motor 
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Fig. 5.6. Transistors can be used in place of the 
_, relay 


reliability of operation. The transistors must be 
chosen with regard to the operating voltage and current 
passed to meet the requirements of the actuator (motor) 
without overloading. Type 2N1305 are generally 
satisfactory for small motors operating on not more 
than 3 volts if they are never allowed to assume a 
stalled position. 

With a relayless receiver the adaptation is rather 
different. However, it is a simple matter to connect 
the receiver output to a relay of suitable coil resistance, 
when it will operate just like a relay receiver with the 
relay contacts wired to the actuator (motor). Alter- 
natively, a transistor switching circuit can be employed 
instead of a relay (see Fig. 5.6). 

Both types of receiver (and relayless receivers in 
particular) are susceptible to interference from the 
actuator motor. An obvious precaution is to position 
the actuator as remote from the receiver as possible, but 
suppression may also be necessary. Alternative 
methods were shown in Fig. 4.11 last month. 

‘Very sensitive receivers may only work satisfactorily 
with pulsed systems employing magnetic actuators in- 
stead of motors. These use only coil circuits (with 
no make and break contacts) with spring self-centring. 
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Fig. 5.7. Schematic diagram of how the motor would 
be coupled to the rudder and elevator flaps 


4c/s 180'swing 90° = Without changing _—- Pulse length change For any given Rudder 

right and 90 left pulse lengthrate  plusratechangeto position fanning out 

produces Neutral speed-up of 8c/s produce some Down or shrinking are by 

Rudder and gives solid Down —Elevator andRight rate variation 

up- Elevator ~E levator Rudder nges Elevator 
Neutral-Rudder posi 


Fig. 5.8. Positions of the crank drive in relation to 
rudder and elevator flaps 


They are attractive in principle but not very satis- 
factory, or useful, in practice due to the very low 
mechanical output possible. Motors are generally 
far more satisfactory provided they have light arma- 
tures and very good brushes. In practice the mech- 
anical output would be extracted via reduction gearing 
rather than direct from the motor spindle, thus provid- 
ing torque multiplication. 


IN PRACTICE 

In general, the simple pulsed proportional system 
described -works quite well when applied to aircraft 
models and other systems where control loads are 
light, but can be difficult to master as a flying control 
because of the lack of a positive self-centring neutral. 
It is not so satisfactory for boat rudder control because 
of the much higher loads on the control surface: 
although in this application the type of response 
provided is easy to master as a working control system. 

For aircraft control systems a more satisfactory 
arrangement is “simple-simultaneous”’ or the “gallop- 
ing ghost’’ system which is essentially a dual propor- 
tional system, although worked off a single-channel 
signal. It should be emphasised that it is essentially 


an aircraft system and is specific to a two-dimensional 
control system. | Be ae 

Basically, one channel of proportional intelligence 
is extracted from a variable mark/space ratio, as with 
straightforward pulse proportional. In addition the 
pulse rate is also altered, the control stick being 
mechanically connected to “mark/space” potentio- 
meter and pulse rate potentiometer in a typical 
“pulser” circuit. It will be appreciated that this 
involves exactly the same electronic circuitry as for 
straightforward pulse proportional operation, utilisa- 
tion of the additional channel of intelligence (variable 
pulse rate) being afforded mechanically. } | 

Rudder and elevator linkage for aircraft is provided 
as shown in Fig. 5.7. The actuator motor is spring 
self-centred and movement of the output arm in either 
direction is limited by mechanical stops. Rudder 
control is given by varying the mark/space ratio, 
causing the motor to oscillate about a “neutral” 
position in proportion to the mark/space ratio. Varia- 
tion in pulse rate varies the swing of the torque rod, 
which in terms of mechanical response causes the 
elevators to flap up and down. 

In fact, both rudder and elevator are operated at the 
same time and control is obtained by causing the motor 
to ‘dwell’ in a pre-determined position remote from 
the true neutral. Thus with a | : 1 mark/space ratio 
the rudder position will be true neutral. If the pulse 
rate is slow then the degree of rotary movement of the 
torque rod will be a maximum in one direction, caus- 
ing the elevator to “dwell”-in the “up” position— 
Fig. 5.8. Increasing the pulse rate, whilst still holding 
the same 1 : 1 mark/space ratio, will then progressively 
reduce the elevator bias until eventually it will assume 
a full ‘down’ position. Any intermediate position 
can be selected by selecting an intermediate pulse rate. 

If the pulse rate is held constant and the mark/space 
ratio varied, then the bias achieved corresponds to 
rudder movement to one side or to the other propor- 
tional to the mark/space ratio. Equally, both pulse 
rate and mark/space ratio can be varied simultaneously 
to give both rudder and elevator bias at the same time. 
Thus if the two control potentiometers are connected 
to a single stick, mechanical movement can be arranged 
so that a true “‘joystick’’ response is obtained, 1.e. 
movement of the stick from side to side produces pro- 
portional rudder movement (bias); fore and aft 
movement produces elevator movement. 

The fact that the control surfaces are, in fact, oscil- 
lating all the time has no appreciable effect, provided 
the pulse rate is 4c/s or greater. A pulse rate range 
of from 4c/s to 8 or 10c/s is then quite adequate for a 
full range of elevator control. The system is eminently 
workable, although it does have some inherent dis- 
advantages. For example, there is nearly always 
some interaction destroying true proportionality of 
response; loss of true proportionality is also aggra- 
vated by blowback (i.e. aerodynamic loads on the 
control surfaces when displaced from the neutral 
position). 

Further variations on this scheme have included 
methods of providing an additional signal intelligence 
by “pulse omission”’—i.e. either a full “on” (all 
“‘mark’’) or full “‘off’’ (all “space’’) signal for selecting 
and holding extreme positions of the main control 
(the rudder). Basically, however, this is just a further 
extension of the utilisation of ‘limit’? movements 
previously described with the simple pulse proportional 
system, with the possibility of operating one or more 
ancillary services. 


ELECTRONIC MANDOLIN 


continued from page 422 


The octal plug (Fig. 4b) is the equivalent to the 
“guitar plug’? shown in Modifying the P.E. Guitar 
Amplifier elsewhere in this issue. Other connections ° 
to this plug (as shown for the guitar) are not needed. 

Connect the plugs into their relevant sockets. Turn 
the volume control to mid-position. Switch on the 
amplifier and allow warming-up time. Play each set 
of strings individually and note that the volume from 
each is fairly equal. Turn the volume control clock- 
wise and note that the sound output increases. If it 
decreases interchange the outer connections on the 
volume control. Check whether “vibrato”’ is in 
operation; if not, switch on the vibrato switch $2 and 
check that vibrato begins. Check whether bass tone 
control is in operation; if not, switch on the tone 
control switch SI and check that the tone alters. 


COMPONENTS .. . 


Potentiometer 
VRI 5000 log. carbon 


Switches 
sg! and S2 Single pole, on-off, toggle or push 
button types (2 off) 


Sockets 
SKI and *SK2 2-way jacks (2 off) 


Plugs 
PLI and *PL2 2-way jack plugs to fic SKI and SK2 
(2 off) 
PL3 2-way jack plug to fit pick-up input socket on 
amplifier 
*PL4 International octal type 8-way plug to fit |.O. 
valveholder on P.E. Guitar Amplifier 


Pick-up 
“Eclipse” button magnets, tin dia (4 off) 
Enamelled copper wire 30 s.w.g. 
Self-adhesive tape 


Miscellaneous 

Brass sheet 4in * 2in x fin (must be non-ferrous 
metal) for pick-up plate 

Brass sheet 4in = 2in x 24 s.w.g. (for pick-up 
cover) 

Screws 4B.A. x tin csk. head (6 off) 

P.V.C, covered connecting wire 

4-core cable* or twin-core cable 


Matching transformer 50: | may be required (see 
text) if used with a high impedance amplifier. 


*Items marked with an asterisk are not needed if this 
mandolin is used with a commercial amplifier or any 
amplifier other than the P.E. Guitar Amplifier. 


FAULT FINDING 

If due care is taken, no trouble should be experienced, 
but accidents and mistakes can happen on any job. 
If one set of strings gives very small output, that magnet 
winding is faulty, and rewinding is the only cure. If 
volume decreases when turning the control clockwise, 
reverse the outer connections on the control. If a 
loud hum is caused by touching the metalwork of the 
pick-up, one coil is shorting to the magnet. The 
pick-up must be rewound with new and better insulation 
applied to the magnets. 
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Conversion of the “Guitar Amplifier’? described in the 
February 1965 issue te accept a low impedance input 


INCE the description of an electronic guitar 
amplifier was published in this journal in February 
and March 1965, the author has received many requests 
for information on a simple method of converting the 
vibrato controlled input circuit from high impedance 
to low impedance. 

There are several good reasons for the conversion, 
among them being the difficulty of finding a trans- 
former small enough to fit into the interior of a “‘solid- 
body’? guitar; also the noticeable increase in the 
weight of a modified, hollow instrument if the trans- 
former is not a modern small component. 


MODIFICATION PROCEDURE 

For the purposes of this article, it will be assumed 
the reader possesses the amplifier referred to above; 
in any case, relevant diagrams are repeated here, 
together with a diagram which appeared in the January 
1965 article describing the guitar. 

On examining the layout behind the control panel of 
the amplifier, room for a transformer will be found 
between the vibrato control switch, SI and the vibrato 
indicator lamp LPI. The transformer can be that 
used in the guitar. However, this entails some modi- 
fication to the wiring within the instrument, but this 


AMPLIFIER PLUG (LOOKING AT PINS) 


VIBRATO 
CONTROL 


GUITAR PLUG (LOOKING AT PINS) 
ESEPARATE SCREENED FLEX IF DESIRED 
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GUITAR SOCKET 


should not prove difficult because the design allows 
fairly easy access to the electronics. Let us assume 
that the guitar transformer will be used. The guitar 
wiring diagram is reproduced here in Fig. 1. 

Begin by opening up the control panel on the 
guitar (see Fig. 5 on blueprint, January 1965); save 
the woodscrews for re-use. Proceed step-by-step as 
detailed below. é 


(1) Disconnect the pick-up leads from the trans- 
former (Fig. 1). 


(2) Disconnect the volume control lead and screen 
from the transformer. Remove the transformer. 


(3) The existing volume control has rather a high 
resistance for a low impedance input arrangement 
and it will probably be fairly critical in operation. If 
this is likely to be a nuisance to the reader, the control 
should be changed now for one of 500 ohms. 


(4) Connect the pick-up leads to the new volume 
control (one lead to one outer tag, the other lead to 
the remaining outer tag). The central connection has 
coaxial cable (B) as before. 


(5) The pick-up connections to the volume control 
should now be as shown in Fig. 2. Replace the control 
panel to complete the work on the guitar. 


Fig. | (left). Original wiring of the 
components associated with the guitar | 
Fig. 2 (above). Modified section of 
Fig. | after the transformer has been 
removed 


MODIFYING THE AMPLIFIER 

Ensure that the amplifier mains plug is completely 
withdrawn from the mains supply socket, open up the 
amplifier and proceed as follows. Fig. 3 shows the 
panel after modification. 


(1) Mark, drill and countersink two holes in the 
control panel to accept fixing screws for the matching 
transformer, which has just been withdrawn from the 
guitar. If the guitar is to remain intact, a new 
component of about 50 : 1 step-up ratio will be required, 
of suitable dimensions to suit the intended location, and 
preferably completely screened is required. 


(2) At socket SKI (Fig. 3), disconnect the two 
leads which come from volume control VR1. 


TO PINT Via 
GRID 


Fig. 3 (above). Modified control panel layout and extra 
wiring for the guitar amplifier 


Fig. 4 (right). Modified part of the amplifier circuit 
showing the connection of the matching transformer 


(3) Connect the volume control leads to the matching 
transformer. The central connection on the volume 
control is not disturbed. 


(4) Socket SK1 has now to be connected to the 
low impedance connections on the matching trans- 
former. 


It is as well to check whether one of the pick-up 
leads is connected to “‘chassis’’; this can happen when 
winding the pick-up, although it should not. Earthing 
connection should be made at one point only, 
preferably remote from the grid of the first stage. The 
best place is from the sleeve connection of SKI to a 
tag under one of the fixing screws. 

Make a final check that the connections are now as 
shown in Figs. 2 and 3. This completes the modifi- 
cation and the amplifier now has one low impedance 
input and one high impedance input. 

The modified version of the circuitry around V1 is 
shown in Fig. 4. 


To Li andCt To L2 and CB 
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MATCHING TRANSFORMER 

Many low to high impedance matching transformers 
are now marked to show which are the input (low 
impedance) terminals; if the transformer in question 
is not so marked, an ohmmeter check will show a 
lower resistance between one pair of terminals than the 
other pair. This low resistance pair are the pins to 
which the pick-up has to be connected. If the trans- 
former case is painted, and no earth tag is provided, 
ensure that a clean metal-to-metal contact exists 
between the transformer case and the control panel, 
which is (or should be) “‘earthed’’ to the amplifier. + 
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A SELECTION FROM OUR POSTBAG 


Need for tolerance 
Sir—Would it be possible for 
mention to be made in the text 
of your magazine of the meaning 
of the word “tolerance”’ in relation 
to components? A circuit may 
call for a 4uF capacitor. If we 
have not got this value and send 
say a 5uF capacitor, this will 
often be returned as “‘unsuitable’’. 
What some of your readers fail to 
realise is that the tolerance of most 
electrolytics is —20 per cent to 
+80 per cent, i.e. a 5uF nominal 
rating may be anywhere between 
4uF and 9uF in actual capacitance. 
This of course would also apply 
to the nominal 4“F! 

In the same way resistors of say 
100 kilohms; 20 per cent could be 
between 80 kilohm and 120 kil- 
ohm, yet an 82 kilohm close 
tolerance resistor would again, by 
some people, be regarded as un- 
usable—despite the fact that it is 
within the tolerance range of the 
nominal value! 

Much wasted time could be saved 
if this were explained with care 
for the benefit of the less initiated 
readers! 

G. F. Milward, 
Drayton Bassett, 
Staffs. 


Electronic organ 


Constructors society 


Sir—In view of the growing interest 
in the amateur building of elec- 
tronic organs, I would be grateful 
if you could mention the existence 
of our Society. 

Regular meetings are held in 
London, at which home built 
instruments are demonstrated. 
Technical information and news is 
available, by post, to all members 
at home and overseas. 

New members are most welcome 
and should write to the Secretary: 
E. Kirk, 66, Arnold Crescent, 
Isleworth, Middlesex. 

R. 8S. Purdy, 

Billericay, 

Essex. 

An electronic organ is one of the items on 

our list for publication at a future date. 
—Ed. 
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Cheap fuzz 

Sir—After reading the letter from 
Mr. C. J. Gatton in Readout March 
1966 issue, I have thought of one 
way to make a distortion booster or 
“fuzz box’? quite cheaply. 

It consists of one red spot 
transistor (OC71) and a 50ynF 
capacitor connected as shown in 
the circuit diagram below. 


TO 
AMPLIFIER 


This produces quite good “‘fuzz”’ 
at minimum cost. 

G. K. Mitchell, 

Orpington, 

Kent. 


Copyright in scientific 
information 


Sir—Two views may be taken of the 
publication without their per- 
mission of the pictures of the 
Moon’s’ surface obtained by 
Russian probes. 

One is that no scientific dis- 
coveries—as distinct from purely 
commercial inventionsand “secrets” 
—have any ethical right to 
be owned and protected; they 
are the property and the products 
of the human species as a whole, 
without whose prior achievements 
and social facilities they would 
never have been made. 

The other is that the pictures 
partook of the nature of publica- 
tions and trademarks. That they 
were “shrunken” in the original 
versions is tantamount to no more 
than saying that some piece of 
printed matter is printed in, say, 
condensed Gill Sans and can 
therefore be “pirated’’ in Times 
Roman! 


For my own part, I regard with 
dismay and anger the greedy, 
dog-in-the-mangerish behaviour 
of nationalistic and commercial 
interests towards scientific and 
technological discoveries and in- 
ventions. They resemble, it seems 
to me, the selfish, visionless adven- 
turers of the 16th and 17th cen- 
turies who, in their sordid hunt 
for easy gold, land and slaves, 
savagely stole from their inhabi- 
tants the lands and natural re- 
sources of newly discovered parts 
of the globe—with a great deal of 
sanctimonious humbug about ser- 
vice to their kings and churches! 

W. H. Cazaly, 

- Tiford, Essex. 
Would W. K. Mace of Sheffield, who 
aiso wrote on this topic, please forward 
his full address?—Ed. 


CAN YOU HELP? 


Letters for inclusion under this heading should 
be as brief as possible. Replies should-be 
made direct to the readers concerned 


Sir—I am willing to pay a good price 
for the November 1964 and January 
1965 issues complete with blueprints, 
if any? : 

D. Westcott, 10, Leighton Road, 
Southville, Bristol, 3. 


Sir—I wish to obtain back copies of 
the whole of Volume 1 and also Nos. 
1 and 2 of Volume 2 of PRACTICAL 
ELECTRONICS. These are intended 
for use in my sixth-form electronics 
course, and I would be glad if any 
of your readers who have any of 
the above copies for disposal would 
get in touch with me by postcard as 
soon as possible. 

G. Whitaker, Head of Science 
Department, Eastwood Hall Park 
Technical Grammar School, Mans- 
eS Road, Eastwood, Nottingham- 
shire. 


Sir—Can any reader supply me with 
the first sixteen articles of the 
instructional series for newcomers 
to electronics Beginners Start 
Here... 

A. Bowman, 2/2 Cardinal Street, 
Vittoriosa, Malta. 


Sir—There seems to be an almost 
total lack of information on the 
“Theremin” and “White Noise 
Generator’, two instruments with 
which my friend and I would like to 
experiment. If any readers could 
forward any information on these I 
would be very pleased. 

J. S. Robinson, 129, Beverley Road, 
Hessle, East Yorkshire. 


Back numbers are usually very quickly ex- 
hausted. We strongly advise all our readers 
that a standing order be placed with their news- 
agent to avoid any future disappointment, 


